University of Wollongong

Research Online
University of Wollongong Thesis Collection

University of Wollongong Thesis Collections

2004

Psychological predictors of fitness to drive
Judith Leung
University of Wollongong

Recommended Citation
Leung, Judith, Psychological predictors of fitness to drive, Doctor of Psycology thesis, Faculty of Health and Behavioural Sciences,
University of Wollongong, 2004. http://ro.uow.edu.au/theses/2135

Research Online is the open access institutional repository for the
University of Wollongong. For further information contact Manager
Repository Services: morgan@uow.edu.au.

Psychological Predictors of Fitness to Drive

A thesis submitted in partial fulfillment of the requirements for the award o

Doctor of Psychology

From

UNIVERSITY OF WOLLONGONG

by
Judith Leung (B.Sc.(Hons))

Faculty of Health and Behavioural Sciences
2004

11

Thesis certification

I, Judith Leung, declare that this thesis, submitted in partial fulfillment of the requirements
for the award of Doctor of Psychology, in the Department of Health and Behavioural
Sciences, University of Wollongong, is wholly my own work unless otherwise referenced
or acknowledged. The document has not been submitted for qualification at any other
academic institution.

Judith Leung

iii
ABSTRACT

In the state of New South Wales, standardised assessment procedures for the re-

examination of the competence to drive for individuals with cognitive impairment are not
available. This study aims to validate a neuropsychological test battery used by Port
Kembla Rehabilitation Team and the Illawarra Brain Injury Service. It is proposed that

validation of this battery of neuropsychological tests can represent the first step towa
standardisation.

The first aim of this study was to examine the relationship between neuropsychological

tests and driving outcome by comparing the results of the neuropsychological tests to tw
on-road driving outcomes. The second aim was to investigate the role of executive
functions in predicting driving performance. The third aim was to explore the role of

anxiety on driving behaviour. Specifically, the hypotheses were: (i) a relationship exist

between the neuropsychological test battery and driving test outcome, and that the resul
the battery can predict the total number of interventions and pass/fail measures of the

road driving test; (ii) executive function tests will significantly predict of the total

of interventions and pass/fail measures of the on-road driving test; (iii) anxiety is the
consequence rather than the cause of poor driving performance for individuals with
cognitive impairment.

One hundred and four individuals with cognitive impairment were administered 10
neuropsychological tests, and 35 were given anxiety measures before and after an on-road
driving test. Correlation analyses showed a relationship between most of the
neuropsychological tests and the driving outcome measures. Standard multiple regression

iv

and logistic regression analyses showed the neuropsychological test battery was able to

correctly classify 74% of the pass/fail outcome rates and accounted for 18% of the vari

in the total number of interventions. However, when the effectiveness of the individual

was examined, only the Rey-Osterreith Complex Figure Test was able to predict pass/fail
driving outcome classification.

Factor analysis did not support the delineation of executive function tests from the ge

cognitive function tests in this test battery. Therefore, the role of executive functio

driving could not be examined. Contrary to predictions, correlation analyses, ANOVA, and

repeated t-tests indicated anxiety was related to better driving performance rather tha
being the consequence of poor driving performance. The result is consistent with
curvilinear relationships often found between anxiety and performance.

Recommendations were made to improve measurements of executive functions for future

research. The findings have implications for the development of a standardised assessme
procedure for the re-assessment of the competence to drive for those with cognitive
impairment.
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INTRODUCTION

Driving has become an integral function of modern living in most developed countries.
It is a vital skill that enables one to access a wide range of services, including
employment. The loss of a drivers licence can adversely affect a multitude of daily
activities, and this in turn may impact one's psychological state. In an increasingly
aging population which brings with it neurological diseases and cognitive impairments,
and with an increasing rate of traumatic brain injury, the need to ensure safe driving
through adequate cognitive functions becomes paramount. Removing one's drivers
licence can become an emotional issue. In an increasingly litigious society, there is a
need to have well-researched and validated assessment procedures for the examination
of competence to drive. This study aimed to assess the validity of a battery of

neuropsychological tests used by a rehabilitation hospital in Australia for assessment o
the competence to drive following neurological injury. The contribution of executive
functions to driving was also examined. As test results are often challenged by claims
of confounding factors such as anxiety when licences have to be removed, this study
also focused on examining the effect of anxiety on driving performance in a population
with cognitive impairment.

The thesis is divided into eight chapters. Chapter One gives an overview of general

factors affecting safe driving and explores problems associated with general research in
this area. Chapter Two discusses the major models of driving currently available to
explain driving behaviour. Chapter Three examines the role of cognitive functions
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which underpin all models of safe driving, and evaluates available research on
neuropsychological tests frequently used to examine cognitive status. The roles of
executive functions and anxiety on driving performance are also explored. Chapter Four
reviews current assessment procedures promoted by the main licensing body of the state
of New South Wales in Australia, as well as those recommended in the literature. An
argument is made for a more comprehensive, validated and standardised assessment
procedure to be adopted statewide or nationwide. The rationale for the basis of this
study as a possible step toward such a standardisation is outlined in this chapter.
Chapter Five describes the methods employed by this study to achieve its aims. Chapter

Six outlines the statistical results obtained. Chapter Seven discusses the implications o

the findings on the validity of the battery of neuropsychological tests studied, the role
executive functions on driving behaviour, and the influence of anxiety on driving
performance. Discussions are also focused on improving scoring methods. Limitations
of this study are examined, and recommendations are made for changes in the present
battery of neuropsychological tests, as well as for directions of future research.
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CHAPTER ONE

DRIVING AND DRIVING COMPETENCE

This chapter provides an overview of the role of driving in Australian society, the cost

of accidents to society, and factors affecting safe driving. The range of research in th
general area of driving, and difficulties associated with comparison of results across

studies, are highlighted. It is postulated that many of these difficulties as found can b
substantially reduced by a development of a comprehensive driving theory.

1.1 The Role of Driving In Our Society
Australia is a vast country that is sparsely populated compared with the rest of the
world. For most people, facilities such as shops, medical care, entertainment centres,
hospitals, schools, commercial and business centres are often accessible only by motor
vehicle. The ability to drive has thus become an essential skill integral to employment,
daily living, social connections, entertainment and recreational pursuits.

Driving, in modern Australian society, has become synonymous with independence,
autonomy, and a functional life. Loss of a driver's licence can, therefore, have severe
psychosocial ramifications for the person involved. For a working person it may mean
loss of transport to and from work and difficulties remaining in employment. The

resulting loss of income would likely contribute to substantially reduced and restricted

social and recreational activities. In extreme cases, this may result in eventual loss of

independence, autonomy and freedom. For the non-working person w h o relies on
driving for social, recreational, and medical purposes, similar effects may occur.
Hence, long-term loss of a driver's licence also has the potential to result in
psychological changes for the person involved. Depression, loss of self-esteem and
self-worth are some of the typical psychological effects observed (Berndt, 2000;
Marottoli et al., 1997).

For the retired population, driving can be their "life-line" to the outside world, and is
essential in maintaining independent living (Yassuda, Wilson & Von-Mering, 1997).

The loss of a driver's licence for elderly populations is more likely to be permanent as
is often associated with age-related impairment of sensory, motor and cognitive
abilities. Consequently, the psychological effects of the loss of a driver's licence may
be more severe.

One's ability to maintain a driver's licence is, therefore, an important issue in modern
day Australia. The decision to withdraw one's driver's licence has to be carefully
considered and made with sufficient justification.

1.2 Costs of Incompetent Driving
As driving has become an integral part of Australian society, the ability to drive well
and safely is an important issue. Motor vehicle accidents arising out of human errors
can have far-reaching financial, psychological and social ramifications not only for the
people involved, but also for the wider community (Sells, 1993). The monetary costs of
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repairs to properties and vehicles arising out of motor vehicle accidents are easily
identifiable, so are the costs of medical/hospital care and compensation pay-outs. The
less easily identifiable costs are the loss of productivity hours to industries and
employers, and the psychological and social costs to those who sustain permanent
impairment through injuries or loss of a loved one as a result of accidents. For each
road fatality, the Bureau of Transport Economics estimated the cost to the community to
be approximately $1.5 million (Linnell, 2002). The Victorian's Transport Commission
(TAC) calculated the cost of an individual becoming a quadriplegic through road
accident to be $2 million, and an individual suffering from brain impairment to be $1.5
million.

1.3 Sources of Dangerous Driving Behaviour
Driving is a complex task and many factors can jeopardise safe driving. The
relationship between causal factors and accidents is not necessarily linear but one of a
complex interaction between many factors that may result in an accident in one situation
but not another.

1.3.1 External Factors
Factors in the external environment that have been found to influence driving behaviour
include road condition (e.g., sealed road/dirt road, pot holes, gradient, bends, etc.)

weather condition (e.g., visibility, snow storm, rain storm, hurricanes, heat wave, etc.),
traffic flow (Galski, Ehle & Williams, 1998; Steyvers, Theeuwes, Santos & Sauvan,
1998), car design (e.g., instrument placement, panel display, visibility, etc.), and
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distractions (e.g., loud music, intense interactions between the driver and the
passengers, use of mobile phone, distracting external events, etc.) (Lansdown, Fowkes,
Wierwille & Tijerina, 1998).

1.3.2 Internal Factors

Personal factors that can influence driving behaviour include the age of the driver, spe
of vehicle, fatigue, consumption of medication, alcohol and drugs that impair
psychomotor response, personality styles, impairment to the senses, and neurological
and cognitive impairments (Wallace, 1997). These factors are examined more fully
below.

1.3.2.1 AgeAge is reported to be the single most relevant internal factor in the cause of motor
vehicle accidents. Chronological age is not necessarily an accurate measure of driving

safety due to the wide variations that exist in skills and cognitive ability at any given
age group. However, when considered overall as a group, both young and elderly
drivers have the highest crash rates when distance travelled is controlled (Ryan, Legge
& Rosman, 1998). Accident rates increase sharply at the 17-19 years age group and at
the above 75 years group. For the younger age group, risk-taking behaviour and
impulsivity are frequently cited as causes of car accidents (Jonah, 1997; Massie,
Campbell, & Williams, 1995), whereas for the older age group, causes of accidents are
commonly attributable to cognitive and functional decline (Mori & Mizohata, 1995;
Wallace, 1997).
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1.3.2.2 Speed and Fatigue
Excessive speed is regarded as one of the major causes of motor vehicle accidents. In
2000, it accounted for 38% of road fatalities in NSW (RTA, 2001). According to the
Road and Transport Authority (RTA), twenty percent of road fatalities were also
attributable to driver fatigue (RTA, 2001). A study by Milosevic (1997) supported a
relationship between fatigue and prolonged driving when psychophysical, biochemical,
heart rate and acoustic speech measures were used on long-distance bus and truck
drivers.

1.3.2.3 Alcohol and Other Drugs
Mood-altering substances that can negatively affect cognitive functioning or
performance are regarded as dangerous to driving. At present, alcohol is the only
substance screened regularly in drivers, and the RTA estimated that at least 18 percent
of road fatalities in 2000 were due to alcohol blood levels above the legal standard.
Other mind-altering substances, including medications, have also been found to affect
driving. For example, Ray, Fought, and Decker (1992) found an increased risk of
accidents by those who used benzodiazepines and antidepressants. While Leveille,
Buchner, Koepsell, McCloskey, Wolf and Wagner, (1994) found that the use of
antidepressant and opioid analgesics increased the risk of injurious crashes in older

drivers. In reviewing the literature on cannabis, Hollister (1998) concluded that drivin
is acutely impaired if the driver is under the influence of cannabis.
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1.3.2.4 Personality Style
Personality style is also considered to be an important factor in safe driving. Many
studies have shown that characteristics such as impulsivity, high risk-taking behaviour,
underestimation of danger and overestimation of skills, are associated with unsafe
driving.

Zuckerman (1996) has developed and refined the Sensation Seeking Scale (SSS) to
measure some of these characteristics. The SSS and its variants are used in most studies
investigating the relationship between sensation seeking and driving behaviour. In a
meta-analysis of studies investigating the relationship between sensation seeking
behaviour and driving, 13 out of the 18 studies found a positive relationship between
sensation seeking and drink-driving behaviour (Jonah, 1997). Furthermore, 15 studies
which explored the relationship between sensation seeking and risky driving behaviour
other than drink-driving (e.g., failure to wear set belts, speeding, violations of traffic
laws, etc.) found positive relationships. Eleven out of 18 studies that investigated
sensation seeking and the results of risky driving behaviour found that high sensation
seeking subjects were more likely to experience violations and collisions than low
sensation seeking drivers.

1.3.2.5 Cognitive and Other Impairment
Normal functioning in sensory modalities such as sight, hearing, balance and touch are
essential for safe driving, as are adequate physical mobility and cognitive function.
Frequently, physical impairment and impairment in sight, hearing or touch are easier to
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detect than cognitive impairment. For some physical or sensory impairment, aids or
modifications in the car can be used to ensure safe driving. Detecting and implementing
compensatory mechanisms for cognitive impairments are much more difficult. Tate,
McDonald and Lulham (1998) estimated that for traumatic brain injury (TBI) alone, the
prevalence is 180-200 per 100,000 people per year, with 18% of these sustaining
moderate to severe injuries, whilst Mykyta (1992) indicated that 175 per 100,000 people
in Australia suffer their first-ever cerebrovascular accident (CVA). Bylsma (1997)
estimated that 47% of those aged 85 years and older have dementias such as
Alzheimer's disease.

According to Brouwer and Withaar (1997), it is well documented that significantly
slower processes in perceptual, cognitive and psychomotor functions are found in
individuals with very severe closed head injury when compared with a healthy control
group. In most cases of TBI, fitness to drive may not be affected. However, successful

re-licencing for those with severe TBI requiring admission into a rehabilitation hospit
occurs in only 50% of this population

For individuals with dementias, crash rates are twice as high as for the normal
population in similar age bracket (Tuokko, Tallman, Beattie, Cooper & Weir, 1995).
Even with normal aging, Schaie (1996) found decline in some cognitive functions such

as perceptual speed and spatial orientation. As stated previously, crash rates for older

populations rise sharply after 75 years of age (Ryan et al., 1998). Evidence is increasi
that the population with cognitive impairment is at high risk of unsafe driving.
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1.4 Driving Research and Methodological Issues
Studies in the area of safe driving are wide ranging in their focus. Some are
epidemiological studies looking at the population characteristics of those who have
sustained a motor vehicle accident (e.g., McGwin & Brown, 1999; Ryan et al., 1998;
Massie et al., 1995). Others include ergonomic and engineering studies of car interiors
to enhance safe driving (e.g., Lansdown et al., 1998), investigation of the physical
mobility, illnesses or impairments of drivers that can affect safe driving (e.g., Li,
McColgin & Oteghen, 1998), examination of ages of drivers in crash statistics (e.g.,

McGwin et al., 1999; Ryan et al., 1998), and the study of cognitive functions in relati
to driving behaviour (e.g., Lunberg, Hakamies-Blomqvist, Almkvist, & Johansson,
1998). Within each broad category, other factors are often identified, broken down and
further explored.

In general, limitations affecting interpretations and conclusions drawn are several whe
studies on driving are examined. These limitations are summarised below.

1.4.1 Area of Focus
Studies purporting to have the same focus may in fact be measuring different factors.
Owing to a lack of specificity or non-uniformity in definitions, some studies may even
be measuring different constructs under the same label. For example, according to
Ranney (1994), the studies of "inattention" could range from information gained from
police reports based on layman's use of "inattention", to complex studies delineating
between divided, selected, and sustained attention. Comparison between studies
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employing the everyday use of the word "inattention" to studies with a more scientific

definition of "inattention" is difficult due to the variations in the definition of con

under study. Similarly, "older drivers" in different studies can represent different ag
groups: 55 years old and above (Owsley et al., 1998); 65 years old and beyond (Zhang,
Lindsay, Clarke & Mao, 1998; Lundberg et al., 1998); and 77 years and older (Marottoli
et al., 1998), respectively. The mixed operational definitions of "older drivers" may
confound results. The research on old age and driving suggests that significant

increases in crash rates in the older population start only at 75 years of age and abov
(Ryan et al., 1998; Hakamines-Blomqvist, 1993; Massie et al., 1995).

1.4.2 Methodologies
Different methodologies used in studies purporting to measure the same situation or
construct also makes comparison and analysis difficult. For example, Ranney (1994)
pointed out that the Embedded Figures Test (Spreen & Benton, 1969, see Spreen &
Strauss, 1991) and the Rod-and-Frame Test (Oltman, 1968; Witkin & Asch, 1948) used
in some studies are both measurements of perceptual style, yet the low correlation
between the two tests and the different correlations with accident measures raises the
question of the possibility that the two tests measure different abilities. Similarly,

studies using self-report of accident rates cannot be easily compared with studies usin
accident rates obtained from official documents. For example, McGwin, Owsley and
Ball (1998) found only moderate agreement between self-reported and state-recorded
crash involvement (kappa = 0.45). They also found disparate results between self-report

and state records on factors such as driving behaviour, demographic information, and
visual impairment.

1.4.3 Outcome Measures
Outcome measures used in studies on driving behaviour are many and varied, making
comparison between studies once again problematic. Accident rates, traffic violations,
performance on driving simulators, computer generated tasks, closed circuit course, or
on-road driving tests are the typical outcome measures used. Results from studies with
similar focus but employing different outcome measures cannot be compared easily as
the outcome measures are not necessarily equivalent.

Furthermore, each outcome measure has its own limitations. For example, accident
rates may be problematic because not all accidents are recorded officially. In the state
of New South Wales it is not mandatory to report accidents that are considered minor
and do not involve personal injuries. Secondly, accidents are often an infrequent
occurrence for many drivers (Miller & Schuster, 1983), therefore they may not serve as
an adequate outcome measure. Thirdly, accident rates may not reflect causation of
accidents. Records of accidents may not differentiate between victims of collisions,
drivers at fault, or external factors that might have been responsible for the accident.

Using driving simulators as the outcome measure has the advantage of being controlled
and more amenable to experimental designs. However, criticisms are often made about

its ecological validity. In particular, it is difficult to reproduce kinaesthetic feedbac
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that is essential for driving, thus reducing generalisability to real life driving behav
(Blaauw, 1982). Similarly, closed circuit courses lack contextual factors such as other
traffic to make it real, whilst on-road driving tests cannot be controlled easily or be
opened to experimental designs (Ranney, 1994).

Studies on driving have also mostly focused on elements or traits that are presumed to
be stable over time (e.g., perceptual style, attention problems, risk-taking behaviour,
driving experience and knowledge, etc.). Transient or situation-specific factors causing
unsafe driving may not be amenable to laboratory study, and as a result, may be deemphasised.

In conclusion, the areas of focus in driving research are many and varied. Taken as a
whole, studies on safe driving can appear to be uncoordinated, and lacking the structure
provided by theory-based studies. Some authors attribute this to a lack of
comprehensive model of driving that can encompass the many facets of driving (e.g.,
Galski, Bruno & Ehle, 1992; Ranney, 1994). On the other hand, the lack of hypothesisgenerated research on current models of driving may also be a contributing factor.
Together, these two factors may have accounted for some of the conceptual and
methodological problems described.

To explore the current thinking on safe driving behaviour, the available models of
driving are briefly reviewed in the following chapter.
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CHAPTER T W O

MODELS OF DRIVING

Although it is not the aim of this study to test a specific model of driving, this chapt
provides a brief overview of the major models of driving. Preview of these models
demonstrates that cognitive functioning is an essential component of the major models
of driving. Four driving theories are critically examined in this chapter: the
motivational models, the information-processing models, the cybernetic model, and the
hierarchical control models. The models are arranged in order of the least to the most
comprehensive.

2.1 Motivational Models
Motivational models emphasise transient or situation-specific factors of driving, with

the assumptions that driving is self-paced, and that drivers select the amount and degre
of risk they are prepared to take. Many authors cite different types of motives for
driving. For example, Rothengatter (1988) postulated that four motives determine the
speed of driving: traffic risks, driving time, pleasure in driving and expenses. Summala
(1988) suggested conservation of effort, tendency toward higher speeds, a reluctance to
reduce speed and habit as motives for driving.

Others have focused on the preparedness of drivers to take risks as motives behind
driving. For example, the Risk Compensation Model views the need of drivers to
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establish a balance between the environmental conditions and the personal acceptable
level of risk - thus a level of homeostasis is maintained (Wilde, 1982). The Risk
Threshold Model postulates that compensation begins only when the perceived risk
exceeds a threshold, otherwise, the driver would behave as if there is zero risk
(Naatanen & Summala, 1976). In the Risk Avoidance Model, reaching the destination
safely and avoiding hazards are seen as the main goals of driving (Fuller, 1988).

Several problems exist with these motivational models. First of all, they fail to accoun
for driving skills as an essential component to safe driving. Second, their emphasis on

situational factors as affecting driving makes laboratory testing more difficult and les
relevant. Third, the models do not easily provide for analysis of typical group
performance as the emphasis is on the unique interchange between the individual and
his/her changing environment. This makes the development of testable predictions
difficult. The lack of extensive research on the motivational models may be the result
of these problems.

2.2 Information-processing Models
Early information-processing models (e.g., Broadbent, 1958) were typically linear
models involving stages of progression broadly from perception, decision, response
selection to response execution. Such models have been regarded as insufficient and
too simplistic to fully explain the complex task of driving (Rockwell, 1972; Shinar,
1978; Ranney 1994). Most typically the focus of early research had been on perception
style, perceptual-motor reaction time and selective attention. Vision, vigilance, and

16

decision-making were added later to investigate driving behaviour (Ranney, 1994).
Other important aspects of cognition involved in driving such as the role of working
memory, sustained attention, and higher cognitive functioning were not investigated.

Recent developments relating to the concept of automaticity on driving have widened
the scope of these models in explaining driving. Automaticity is seen as fast, effortless
processing, which develops following repeated practice. This contrasts with controlled
processing, which represents slow, serial and effortful processing (Schneider & Shiffrin,
1977). It is said that all behaviour consists of these two components in a constant
interplay. Automaticity can also develop in situations that are not entirely consistent
(Fisk & Schneider, 1984). For example, accelerating and braking patterns may become
automatised despite wide variations in situations that require such behaviours. The
advantage of the concept of automaticity is the potential inclusion of higher cognitive
processing. The decision to change from automaticity to controlled processing not only
depends on the issue of focused attention, but on higher cognitive functioning such as
quick summation and evaluation of the situation, and selection of appropriate responses.

The information-processing models have been criticised because of their lack of
consideration of the motivational and emotional factors that affect driving (Ranney,
1994).
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2.3 The Cybernetic Model
This model was developed so that a comprehensive driving evaluation and remediation
program can be established for each person. It was also developed in order a diagnosis
can be made as to the cause of the driving problems (Galski, Bruno, and Ehle, 1992).

Figure 1. The Cybernetic Model, from Galski, Bruno and Ehle (1992).

The calculation and construction co-processor processes information received from the

sense. Once a "picture" of the driving needs is formed the information is transferred to
the general driving program for action. Executive functioning (the ability to approach,
plan, monitor and execute cognitive tasks) operates the general driving program, which
is the overall framework for driving. The specific driving program investigates what is
needed for each specific trip. It is assumed that in a normal trip, both the specific
driving program and the general driving program operate together. The resident
diagnostic program is like a meta-system that oversees and adjusts cognitive-

perceptual-physical skills, executive processes and psychological factors. Finally, ther
is the motor output component which is responsible for the physical manoeuvring of the
car. Causes of driving problems can evolve from the different components of this
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model: sensory perception (visual, auditory, proprioceptive, and kinaesthetic), scanning
and attention, central processing of internal and external information (e.g., executive
functions), psychomotor operations and internal feedback.

Galski and his colleagues have conducted several studies validating this model (e.g.,
Galski, Ehle, & Bruno, 1990; Galski, Bruno, & Ehle, 1993). However, the detail's and
specificities of its internal mechanisms are yet to be further developed and validated
independently. A major flaw also exists in its diagrammatic representation in which
feedback loops linking the various components are lacking.

2.4 Hierarchical Control Models
The hierarchical control models are often referred to as the second-generation
motivational models as their emphasis is on the control and motives of the driver in
allocating processing resources during the task of driving. The hierarchical control
models account for the dynamic interchange between drivers and their environment, and
can potentially incorporate information-processing theories. These models consider
motives other than risk as influencing driving and implicitly accounts for the influence
of affect on driving. The two main models are Rasmussen's (1987) skill-ruleknowledge-judgement model and the three levels hierarchy of cognitive control
(Michon, 1985; Molen & Botticher, 1987).
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2.4.1 Skill-rule-knowledge-judgment model:
Rasmussen's (1987) model was developed to classify types of errors made in driving,
and together with Lehto's (1991) additions, it consists of four levels of driving
behaviour. The lowest level is skill-based, which involves automatic activation of welllearned procedures or behaviour. The next level is rule-based, which involves
automated activation of learned rules or productions. This is followed by knowledgebased, which is generally invoked in novel situations for which no existing rules are
applicable, and involves conscious problem solving and cognitive flexibility. The
highest level is judgment-based, which consists of the influence of value judgments and
affective reaction in determining behaviour. Accidents can be attributable to errors
made in one or more of these levels.

2.4.2 The Three Level Hierarchical Model
The three level hierarchical cognitive control model of driving is similar in structure
the above model but was developed to explain the perceptual, judgemental and decision
making processes of drivers. The three layers of the model are strategic, tactical and

operational. The strategic level is the highest level in which the driver plans the trip
before hand, making decisions about route and general risks of traffic usually made
before actual driving. The tactical level involves responding and adjusting to the
changing driving environment. The operational level is the lowest level involving
largely automatic action patterns, in which the driver deals with immediate vehicle
control inputs.
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Feedback mechanisms are incorporated between the three levels so that changes in one

level affects other levels. The tactical and operational levels can occur simultaneousl
adjusting and re-adjusting to the changing inputs from the driving environment. This
process-oriented focus results in a dynamic and complex model of driving. Behaviour
at all three levels may become automatic in highly familiar situations.

Hale, Stoop and Hommels (1990) has combined the above two models into a single
two-dimensional configuration thereby expanding the usefulness of such a framework
and this is exemplified in Figure 2.

Strategic

Tactical/Maneuvering

Operational/Control

Knowledge

Navigating in
unfamiliar area

Controlling skid

Novice on first lesson

Rule

Choice between
familiar routes

Passing other vehicles

Driving unfamiliar
vehicle

Skill

Route used for
daily commute

Negotiating familiar
intersection

Vehicle handling on
curves

Figure 2. Classification of selected driving tasks by Hale, Stoop, and Hommels, 1990.

In general, skill-based behaviour is involved at the operational level, rule-based

behaviour at the tactical level, and knowledge-based behaviour at the strategical level.
The combination of the two models enables a more comprehensive and flexible
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explanation of driving behaviour. For example, a novice driver may use knowledgebased behaviour for operational control of the vehicle whereas an experienced driver
may used a skill-based behaviour. Accidents may arise out of types of errors made
which are dependent on whether the driver is a novice or experienced, and whether the
situation is familiar or unfamiliar. This model remains the most comprehensive and
commonly used of all the models of driving (Handler & Patterson, 1995; Ranney,
1994).

2.5 Factors Affecting Driving
Inherent to most models of driving described above is that the cognitive functioning of
drivers may affect driving performance. Any decision-making process, whether it is to
do with risk analysis (motivational models), or the switch from automaticity to
controlled processing (information-processing models), or the utilisation of operational,
tactical or strategic levels (hierarchical control models), or the activation of the
calculation and construction co-processor or residential diagnostic program (cybernetic
model), involves cognitive processing. Taking the three level hierarchical control

model as a specific example, at the lowest level, the operational level, sensory data has
to be interpreted for the basic operation of vehicle controls. At the tactical level,
interpretations, analyses, decision-making processes and prompt responses are vital
cognitive processes for appropriate interaction with the driving environment (e.g.,

traffic). The ability to think and plan ahead, and to anticipate problems, is the hallmark
of the strategic level, and this involves higher cognitive functions. As well as other

essential functions, such as vision and physical mobility, all models incorporate general
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and higher cognitive functions as essential components to their operation. Because of
the importance of cognitive functions, the next chapter explores the role of cognitive
functioning on driving, and other pertinent psychological factors that may negatively
affect driving behaviour.
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CHAPTER THREE
COGNITIVE IMPAIRMENT AND DRIVING

This chapter explores the impact of cognitive functions on safe driving, describes
factors affecting cognitive functions, and discusses the contribution of the executive
functions to driving behaviour. A review of the contribution of neuropsychological tests
and psychometric assessment in determining the competence to drive is presented.

Safe driving behaviour is said to consist of the fitness to drive (functional limitations),
driving skill and driving behaviour (activity limitations). Any one of these three factors
can affect safe driving. For example, a highly skilled and cautious driver may have
deficits in psychomotor responses (functional limitations) that affect safe driving.
Alternatively, a highly skilled and cognitively intact driver may have impulsive
behavioural style (driving behaviour) which would jeopardise safe driving. In
considering cognitive impairment and driving the examination focuses on the level of
functional impairments and driving skill.

3.1 Cognitive Functioning and Driving
Cognitive functioning describes the process of reception of information from the
sensory organs, the distribution of the information to different parts of the cortex for
analysis and synthesis, and the activation of motor responses in response to the analysis
of the received information. Intact cognitive functioning is vital to driving behaviour.
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Impairment in cognitive functions can disrupt information processing and potentially
increase the risk of unsafe driving for the drivers concerned.

Although for most experienced drivers, driving involves overlearned and automated
tasks, driving cannot be completely routine as flexibility and higher cognitive
functioning (executive processing) is needed to deal with the fluctuating driving
environment and continual influx of information that can be complex at times (Fox,
Bashford & Caust, 1992). According to Fox et al., (1992) and Engum, Cron, Hulse,
Pendergrass and Lambert (1988), there are a wide range of deficits in cognitive
functioning that can potentially impair safe driving. These include attentional deficits,
slowed reaction time, distractibility, disinhibition, impulsivity, memory deficits,
impaired generalisation ability, perplexity, reduced tolerance for stress and pressure,
poor sequencing skills, poor problem-solving, poor planning, poor initiation and
implementation of activities, poor capacity to evaluate the results and consequences of
one's actions, spatial disorientation, poor depth perception, poor figure-ground
discrimination, hemi-inattention, reduced visual scanning, impaired attention to detail,

and inability to differentiate essential from non-essential detail. The source for potentia
unsafe driving due to deficits in cognitive functioning can be substantial.

Cognitive decline can occur in the process of normal aging. For example, Schaie (1996)
found spatial orientation and perceptual speed to deteriorate in normal aging, whilst
Lunberg et al., (1998) found impairment in the areas of visuoconstructive ability,
visuospatial memory and verbal episodic memory as significant in the crash-involved
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suspended older drivers. Such impairment can compromise safe driving in the older

population, and this is implicated by the sharp increase in accident rates after the age
70 years (Ryan et al., 1998; Tuokko et al., 1995).

Impairment in cognitive functioning can also be acquired as a result of acquired brain

injury, static or progressive neurological diseases, and acquired physical conditions th
affect cognitive functions (e.g., kidney or liver failure). Individual variations not
withstanding, many studies have shown deficits in driving skills in the cognitively
impaired population (Van Zomeren, Brouwer, Rothengatter & Snoek, 1988; Gouvier, et
al., 1989; Fox et al., 1992; and Lambert & Engum, 1992). For example, when
compared with a control group, Van Zomeren et al., (1988) found significant
impairment on two driving tasks in a sample of patients who had sustained severe head
injuries several years earlier. Brouwer and Withaar (1997) found successful re-

licensing of individuals with very severe head injuries occurring at a rate of 50%. Ther
is evidence from these studies that impairment in some cognitive functions can affect
safe driving.

Research into the area of cognitive impairment and driving has traditionally utilised a
wide range of visuo-perceptual and cognitive tasks to evaluate the relationship between
the two. The cognitive functions that are commonly examined are visuo-perceptual
abilities, attention, information processing speeds or reaction time, and memory
(Colsher & Wallace, 1993; Shinar, 1993). Although many of the studies have been

carried out in the absence of a theoretical model, the focus on these areas of cognition
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can be thought of as corresponding to the operational level of the Three Levels
Hierarchy of Cognitive Control model of driving (Michon, 1985; Molen & Botticher,
1987), which deals with immediate vehicle control inputs. According to Engum et al.,
(1988), the operational level includes attention and concentration, visual scanning of
traffic, speed in response, and environmental spatial perception and orientation.
Memory is involved on an implicit level in that knowledge and memory of road rules
and the operation of a vehicle are fundamental to basic driving. Examination of these
areas, therefore, represents an investigation of the functions fundamental to the
operational level of driving.

3.2 Assessment of Cognitive Functions
In examining the area of assessment of cognitive functions, it is important to be

cognizant of the difficulties in several areas that can affect interpretation of results.
their introduction to their article that examined neuropsychological tests and driving,
Korteling and Kaptein (1996) cited mixed results in the predictive power (explained
variance) of neuropsychological tests on driving performance. A review of several
studies showed that the amount of variance in driving behaviour explained by
neuropsychological tests ranged from .20 to .94. Other authors suggested different
predictors, operational definitions and criterion measures used across studies as
contributing to the variations in results (Ranney, 1994; Withaar, Brouwer, & van
Zomeren 2000).
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Closer examination of the literature in this area revealed other fundamental difficulties
which could have compounded the results of research in this area. For example, a
significant number of neuropsychological tests measure more than one domain of
cognitive functioning. High predictive capacity of these tests may not aid conclusions

about the specific domain that is essential to driving behaviour. To illustrate, the Lett
Cancellation Test (Diller, Ben-Yishay, Gerstman et. al., 1974) is a test of visual
scanning, sustained attention, as well as one's capacity to distinguish between relevant
and irrelevant information (Lezak, 1995). Low scores on this test may indicate deficits
in one of these domains, a selected combination of these domains, or a combination of
all of the domains.

This confusion is further exacerbated by different studies using the same tests to draw
conclusions regarding different domains. For example, Trail Making Test A was used
by Lunberg et al., (1998) to draw conclusions about processing speed. The same test
was used to measure scanning and tracking ability in other studies (Fox et al., 1992;
Mazer, Nicol, Kroner-Bitensky & Sofer, 1998). This highlights the difficulties inherent
in making specific conclusions about cognitive functionings and driving behaviour.

The fact that domains such as attention can be integral to the operation of other domains
illustrates yet another aspect of the problem. Measurement of one domain may
inherently involve measurement of the other. Attempts to separate the domains may be
extremely difficult, or may represent an artificial simplification and reduction of a
highly sophisticated, interactive and complex system.
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The lack of clarity and different operational definitions of the cognitive domains also
exist which, once again, complicate the situation. For example, the similar process

appears to be described by the labels 'switching of attention' and 'cognitive flexibility'
in the literature. Parasuraman (1991) described the switching of attention as consisting
of disengagement and engagement of attention, that can range from "..switching
between stimulus sources per se...to a more general ability to switch "stimulus set"
between features, concepts, or rules." (p. 545). A similar process is described by Delis,
Kramer and Kaplan (2001) as cognitive flexibility instead - "....This ability allows an
individual to abandon a previous response in order to generate a novel response." (p. 5).
The confusion seems to be further reinforced by the use of similar tests to examine the
two domains. The Stroop Colour Word Test was used by McKenna, Duncan, and
Brown (1986) to examine attentional switching, whereas a modified version of this test

was used by Delis et al., (2001) as test of cognitive flexibility. The lack of distinction
between the two functions causes confusion. The clarity of operational definitions is
important as the switching of attention is regarded as the domain of selective attention
and cognitive flexibility as executive function, and these are considered different
cognitive functions.

Similarly, defining the specific domain of "processing speed" is difficult - there appear
to be many labels used in the literature that relate to this process. These include
reaction time, cognitive processing speed, visual processing speed, verbal processing
speed, perceptual speed, information processing speed, psychomotor performance and
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psychomotor speed. Precise definitions of these terms are generally not given, thereby
making it difficult to decide whether these terms are describing different or similar
functions. From reviewing the literature, it seems that these terms frequently used to
describe similar processes. Hence, for the purpose of this review, it will generally be
assumed that these labels are describing a similar function, except for when clarity is
needed to understand the complexities of differences in results.

Thus far, the importance of cognitive functions in driving from both a practical and
theoretical level is suggested. In the following section, cognitive functions that are
commonly investigated in driving research are examined. Review of the literature in
this area show that studies can be roughly divided into two areas; those that examine the
overall effectiveness of a battery of neuropsychological tests in predicting driving
ability, and those that attempt to isolate the effectiveness of individual psychological
tests. Studies that focus on a battery of neuropsychological tests will be explored first,
as the concurrent examination of several cognitive domains reflect closer the multidimensional nature of driving. To evaluate the significance of individual cognitive
functions to driving, the second section will focus on studies that examine this.

Table 1 provides a summary of studies on driving that mostly employed standardised
neuropsychological tests used frequently in clinical settings. Only those studies with
sample sizes of 30 and over with cognitively impaired individuals or elderly participants
were included. Studies exploring executive functions will be discussed in a later
section.
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O f the 21 studies located, the number of perceptual or psychological tests used ranged
from 3 to 15. The sample sizes varied from 30 to 3238. Four studies employed elderly

participants, ten studies used cognitively impaired individuals, and seven studies utilise

participants with intact cognitive functioning as controls, in addition to participants wi
cognitive impairment. Thirteen out of 21 studies used on-road driving tests as an
outcome measure, one used a driving simulator, three used both a driving simulator and
on-road driving test, one used both a closed circuit and open road driving test, two used
past crash record, and one used record of past suspension and accidents.
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Taken as a whole, the studies showed a diverse range of results. Closer examination
revealed methodological problems in several studies that could have affected
conclusions drawn. Insufficient sample sizes for the number of variables examined in
the use of regression analyses or discriminant functional analyses was a common

occurrence. Eight studies appeared to be affected by these limitations (i.e., De Raedt &
Ponjaert-Kristoffersen, 2000; Galski et al., 1992 & 1993; Lundqvist, Alinder, Aim,
Gerdle, Levander, & Ronnberg, 1997; Nouri, Tinson & Lincoln, 1987; Nouri &
Lincoln, 1992; Mazer, Nicol, Korner-Bitensky, & Sofer, 1998; and van Wolffelaar,
Brouwer & van Zomeren, 1990.). For example, logistic and stepwise multiple

regressions were conducted on 14 variables with a sample of size of only 58 in the stud

by Lundqvist et al. (1997). Instability of the coefficients and capitalisation on chance
can occur when small sample sizes are used. Conclusions drawn about the effectiveness
of tests may be unique to that particular sample or may reflect chance occurrence. A
minimum sample size of 10 to 20 for each predictor variable is usually recommended
for multiple regression analysis (Brouwer & Withaar, 1997; Tabachnick & Fidell,
1996). For stepwise regression analysis, a sample of 40 to each independent variable is
suggested (Tabachnick & Fidell, 1996). For discriminant function analysis, it is
recommended that the cases in each cell exceeds the number of independent variables

(Tabachnick & Fidell, 1996). Thus, the results of these studies are not included in this
present analysis.

Different sample characteristics across studies make the comparison of results difficul
and may account for the variations found. For example, results from a sample of
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individuals with C V A or T B I (e.g., Galski, Ehle, & Williams, 1996) m a y be different to
that of individuals with suspended license (e.g., Lundberg et al, 1998) due to cognitive
impairment sustained by the former. In the population with cognitive impairment,

variations can also occur as a result of the site and/or severity of neurological injury.
example, right CVA generally produces different impairments to left CVA (Lezak,
1995); and mild TBI may not show deficits relating to driving skills but severe TBI may
(Brouwer and Withaar, 1997). Therefore, results from studies using different sample
characteristics may not be comparable.

The choice of outcome measures can affect interpretation of test results. It has been
argued that the gold standard for an outcome measure in driving research should be an
on-road driving test due to its ecological validity (McKenna, 1998; Brouwer & Van
Zomeran, 1992; Odenheimer et al., 1994). The use of self-reported accident or traffic
violation as an outcome measure is probably the least reliable as participants are more
likely to under-report offences (Ball & Owsley, 1991; Sloane, Ball, Owsley, Roenker,
and Bruni, 1990). Daigneault, Joly and Frigon (2002) found that 86.6% of their
participants identified by state records had more than three accidents in the previous
five years but reported less than three accidents when surveyed.

Self-reported accidents was used as an outcome measure by Marottoli et al., (1998).

Eleven cognitive tests were given to 125 participants who gave a self-reported history o
crash or moving violation. Using stepwise logistic regression, only the Number
Cancellation Test could predict self-reported driving accident record. In another study,

Marottoli, Cooney and Tinetti (1997) attempted to substantiate their choice of outcome
measure by comparing self-reported to state records of accidents. They found selfreport yielded more adverse traffic offences in a sample of 33. Nevertheless, 4
individuals (12%) of that sample could only be identified by state records, and not by
self-report, which would lessen the reliability of self-reported accidents as an outcome
measure. In their study of 1998, possible memory problems in the elderly sample may
have been an additional confounding factor.

The use of state records of accident rates and traffic violations as criterion measures
increases reliability of data obtained. Nevertheless, many difficulties still occur as
outlined in Chapter One. The significance of studies by Stutts et al. (1998) and
Lundberg et al. (1998) are thus limited by their choice of criterion measures. Less
problematic but still of concern are the retrospective nature of these two studies. As
indicated by Withaar et al. (2000), "performance on cognitive tests cannot logically
explain previous driving performance". According to Withaar et al., inferences cannot
be made between present cognitive status and past driving performance even with the
use of correlations. Additional complications arise when statistical procedures such as
regression analysis is used for prediction in a retrospective study (e.g., Stutts et al.,
1998). However, despite their limitations, these retrospective studies can provide useful
information on areas of focus for prospective studies. Neuropsychological tests which
were found to be significantly related to on-road performance in these two studies were
the TMT A, TMT B, AARP Reaction Time Test, BD, and RCF-recall trial (see Table 1
note for list of measures). They represent cognitive functions of scanning and tracking,
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psychomotor speed, attention shifting and double-tracking, response speed,
visuoconstructive ability, and visuospatial memory.

Of the remaining studies, those by Engum et al. (1988, 1989) and Fox et al. (1992) have
satisfactory sample sizes and have particular relevance to the present study. Both

studies examined the overall results of a battery of neuropsychological tests in relation
to driving outcome. As driving is a complex, dynamic process involving the function of
several cognitive domains of which some appear to be interconnected, examination of
the overall results of neuropsychological batteries as opposed to individual tests may
have more relevance.

3.3 The Relationship Between Neuropsychological Test Batteries and Driving
Good predictive validity was found for the Cognitive Behavioural Driver Inventory
(CBDI) used in studies by Engum et al., (1988) (Cronbach's alpha = .949 for all items
in scale). The CBDI was designed to measure attention, concentration, rapid decisionmaking, stimulus discrimination/response differentiation, visual scanning and acuity,
and attention shifting. It incorporated tests from Bracy's Cognitive Rehabilitation
Program (Bracy, 1982) for brain injured and stroke patients, and Picture Completion
and Digit Symbol Substitution subtests of Wecshler Adult Intelligence Scale - Revised
(Wecshler, 1982), and the Trail Making Tests from the Halstead-Reitan
Neuropsychological Test Battery (Reitan, 1958). It was found that 95.5% of those who
passed the CBDI passed the on-road driving test. All 6 of 48 participants who failed the
CBDI who were then allowed to attempt the on-road test failed the road test. In the
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second double-blind study with 175 individuals with brain injury, the correlation
between performance on the CBDI and the psychologist's recommendation for return to
driving was high (see Table 1).

In Fox et al.'s (1992) retrospective audit of 129 participants, 98 were classified as
cognitively impaired. Fox et al. found tests of attention, scanning and tracking, double
tracking, visuo-construction, visuo-spatial perception, and visual memory were
significantly associated with driving outcome. Tests used consisted of Visual Form
Discrimination (Benton, 1983), Judgement of Line Orientation (Benton, 1983), Trail
Making Test A&B, Benton Visual Retention Test, Picture Completion subtest, Block
Design subtest, and Digit Symbol Substitution subtest of Wecshler Adult Intelligence
Scale - Revised (Wechsler, 1981). The results, using chi-square statistical analyses,
supported the important contribution of neuropsychological tests to driving assessment.
Forty-eight of 51 cases that passed the neuropsychological assessment passed the onroad driving test. The authors suggested future studies utilising a prospective approach
to examine the predictive value of neuropsychological tests.

The results of the above studies suggest that outcomes of neuropsychological
assessments via a battery of tests may be significantly associated with driving
performance, and show the potential utility of neuropsychological assessment in the
driving re-assessment process.

41

3.4 The Relationship Between Individual Neuropsychological Tests and Driving
The following are prospective studies that have explored the relationship between
individual neuropsychological tests to driving test outcome.

With a sample size of 85, of which 27 were diagnosed with dementia, Fitten et al.,
(1995) examined the cognitive domains of sustained attention, divided attention,
memory, visual tracking, verbal function, and construction in relation to driving
outcome. Clinical tests included the Mini Mental State Examination (MMSE) (Folstein,
Folstein & McHugh, 1975), and the Sternberg Memory Test. The results indicated that
the Sternberg Memory Test, the MMSE, and visual tracking were significantly
correlated with driving outcome, but not tests of sustained attention and divided
attention. The three tests accounted for 68% variance in driving test scores.
The significance of cognitive domains in driving as tested in the above studies was
confirmed again in a smaller study by Hunt et al., (1993), and Odenheimer et al. (1994).
Tests of verbal and visual memory, visual-perception skills, attention, scanning and

tracking abilities, and psychomotor skills were found to be significantly correlated wit
driving outcome in the study by Hunt et al., (1993). These involved the use of the
Wecshler Memory Scale - Logical Memory, Boston Naming Test (Kaplan, Goodglass
& Weintraub, 1983), Benton Visual Retention Test recall and copy trials, TMT A and
DSS. In the study by Odenheimer et al.(1994), significant correlations were found
between MMSE, WMS, TMT A, complex reaction time, traffic sign recognition task
and on-road driving test outcome. These tests examined orientation, recall and repeated
learning, attention, working memory, language and reading skills, following of
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instructions, copying skills, visual and verbal memory, scanning and tracking,
psychomotor response, and complex reaction time.

Different neuropsychological tests were found to be related to the driving outcome of
different sample groups in a study by Sivak et al., (1981). In a prospective study on a
sample of 41 participants (23 with brain impairment), tests used included tests of visual
perception, visual sequencing, visual/perceptual organisation and analysis, visual
recognition, vocabulary, arithmetic, abstract reasoning, attention span, working
memory, selective attention and stimulus discrimination, visual acuity, and reaction
time. The results showed the different tests were correlated to driving performance for
those subjects with cognitive impairment and those without. Picture Completion and

Picture Arrangement correlated significantly with driving test results for the cognitively
impaired participants, whereas Porteus Maze (Porteus, 1933), Rod-and-Frame (Oltman,
1968; Witkin & Asch, 1948), Abstract Reasoning (Bennett, Seashore, & Wesman,
1947) and Ayres Space Test (Ayres, 1962) correlated significantly with driving test
results of participants without cognitive impairment. The authors suggested that the
nature of the demands of the driving task may be different for the two groups.

In summary, a number of studies suggest that neuropsychological assessments are
significantly related to driving test outcome. Individual neuropsychological tests that
have been found to be related to driving test outcome include the MMSE, Sternberg
Memory Test, WMS, Benton Visual Retention recall and copy trials, TMT A, DSS,
Boston Naming Test, and complex reaction time test. Picture Arrangement and Picture
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Completion are related to driving test outcome for participants with cognitive
impairment, while Porteus Maze, Rod-and-Frame, Abstract Reasoning and Ayres Space
Test are significant for those without cognitive impairment. The cognitive domains
implicated by the above studies on driving may be considered to be:
• attention
• visual scanning or tracking
• visual sequencing
• visual constructive ability
• visuo-spatial perception
• reaction time or processing speed
• double tracking or concept shift
• verbal and visual memory.

Despite the significance of the above studies, the ability of these tests to explain
variance in driving varies substantially between .20 to .94 (Korteling & Kaptein, 1996).
Several authors argued for the importance of executive functions over other cognitive
functions in facilitating safe driving (Brouwer & Withaar, 1997; Fox et al., 1992;
McKenna, 1998). Owing to the fact that not all studies include tests of executive
functions in their analyses, one may argue that this has contributed to the wide
variations in variance explained. The following section examines executive functions
and driving behaviour in more detail.
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3.5 Executive Functions
In a review of current research on aging, Craik and Anderson (1999) implicated the role
of executive functions in age-related cognitive decline when they concluded that older
adults seem least impaired on tasks that tap over-learned skills or general knowledge,
and have most difficulty with novel, resource-demanding tasks. In the area of cognitive
functions, the prefrontal cortex, which is mostly responsible for the executive functions,
is seen as the area most vulnerable to impairment following diffuse brain injury
(Goldberg & Bilder, 1986). Both the cognitively impaired population, and older
individuals, have a higher crash risk (Ball & Owsley, 1991; Kaszniak, Keyl & Albert,
1991. This, together with findings suggesting executive functions are particularly
implicated in age-related cognitive decline, suggests the need to examine the role of
executive functions on driving. In addition, examination of general cognitive functions
described and imbedded in the major models of driving also show integral involvement
of the executive functions.

According to Lezak (1995), "...so long as the executive functions are intact, a person
can sustain considerable cognitive loss and still continue to be independent,
constructively self-serving, and productive" (p. 42-43). Once the executive functions
are impaired, despite well preserved general cognitive capabilities such as skills,
knowledge and abilities, the person may cease to be independent, productive and selfserving (self-serving describes the process necessary to initiate, co-ordinate and execute
tasks according to one's goal). Lezak continues, stating "Cognitive deficits usually
involve specific functions or functional areas; impairments in executive functions tend
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to show up globally, affecting all aspects of behaviour" (p. 43). Therefore, the
executive functions, or alternatively known as the metacognition (Raskin & Mateer,
2000), may need to be examined more fully with respect to driving ability.

The executive functions, which represent higher cognitive process, are said to consist of
the abilities to approach, plan, monitor and execute cognitive tasks (Baddeley, 1986;
Lezak, 1995). Self-control, inhibition, self-direction, cognitive flexibility, concept
formation, verbal fluency, sequencing, rules deduction, information generation,
spontaneous behaviour, the ability to deal with novelty, and the ability to manage and
monitor simultaneous activities, the ability to utilise feedback, are all aspects of
executive functions (Baddeley, 1997; Crawford, 1998; Luria, 1966; Walsh, 1978;
Woodruff-Pak, 1997; Groupe de Reflexion sur 1'Evaluation des Fonctions Executives,
2001). Attention, memory and working memory are mechanisms suggested as essential
to the operation of the executive functions (Baddeley, 1997; Shallice 1982).

3.6 Executive Functions and Driving Behaviour
A review of studies in the area of cognitive functions and driving showed that most
employ a combination of general cognitive and executive functions tests without
delineating or exploring the individual contribution of each to driving behaviour.
Therefore, conclusions about the contribution of executive functions to driving are
difficult to make. As noted by Daigneault et al., (2002) there are surprisingly few

studies that focus specifically on this area. A literature search for "executive functions"
conducted through PsychLit from 1984 onwards showed only two entries for executive
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functions examined in the context of driving. These are the studies by Daigneault et al.,
(2002) and Schmidt, Brouwer, Vanier and Kemp (1996), and these studies present
somewhat conflicting results.

A screen of studies on general cognitive functions and driving showed an additional two
studies focusing on the roles of both cognitive and executive functions. However, both
suffered from limitations in statistical analyses used and methodologies employed. One
study by De Raedt et al., (2000) used a forward stepwise regression analysis to examine
the ability of four tests. Eighty-four elderly participants without known cognitive
deficits were examined in relation to visuo-perceptual function, visuo-spatial function,
the useful field of view (UFOV), cognitive flexibility, selective attention with visual
search, divided attention and mental flexibility. Tests employed were not widely used
or standardised but ones designed specifically to measure such functions. The outcome
measures were self-reported accidents and on-road driving test. The results showed that
movement perception, UFOV, cognitive flexibility and selective attention together
accounted for 64% of the variance of on-road driving test, and 19% of the variance of
self-reported at - fault car accidents. However, the strength of conclusions is limited by
the sample size chosen for the statistical analysis employed. The sample size of 84 is
insufficient for the stepwise regression analysis used, as the general recommendation of
cases to IV is 40:1 for this statistical analysis (Tabachnick & Fidell, 1996). In addition,
the types of tests used to measure various cognitive functions did not have established
validity, reliability and standardised norms. This poses a limitation for incorporation of
tests to be used in clinical settings.
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Similar statistical difficulties are also evident in the second study, by Lundqvist et al.
(1997), which examined the predictiveness of 14 tests in a sample of 58 comprised of 29
participants with cognitive impairment and 29 matched controls. Participants were
administered Trail Making Test B, Digit Symbol, Raven's Progressive Matrices set I,
Rey Complex Figure Test recall, Paced Auditory Serial Addition Test, a Listening Span
Test, Finger Tapping, K test, Reaction time test, Simultaneous Capacity Test, and the
Wisconsin Card Sort Test (total categories completed, percent perseveration error,
percentage correct). The outcome measures were simulator driving and on-road driving
tests. Factorial analysis, multiple t-tests, chi-quare analysis, and stepwise multiple
regression analyses were conducted. The authors concluded that those with cognitive
impairment performed significantly worse on tests of executive and cognitive functions
when compared with the controls. However, none of the neuropsychological tests were
able to predict performance on the driving simulator. Once again, the conclusions
drawn by the authors are limited by the low power as a function of the sample size
particularly in the context of the statistical analyses used.

Schmidt et al., (1996) examined the cognitive flexibility component of the executive
functions on driving in a group of 20 participants with very severe closed head injury
matched with a group of 20 control participants. The neuropsychological tests used
were the Simple and Four Choice Reaction Time Test (Van Zomeren & Deelman,
1978), the Minnesota Rate of Manipulation Test (Van Wolffelaar et al., 1990), the Trail
Making Tests (Reiten, 1958), the Letter Fluency test ( Benton, Hamsher, Varney &
Spreen, 1983), the Category Fluency test (Issacs & Kennie, 1973), the Alternating
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Fluency and Tower of London Tests (Shallice, 1982), the Stroop Test (Stroop, 1935),
the Distraction Reaction Time Task (Van Zomeren & Deelman, 1978), and the Dual
Reaction Time Task (Van Zomeren & Deelman, 1978). A combination of univariate
and multivariate analyses of variance were conducted. Significant differences were
found between the two groups on tests of processing speed, namely, the Reaction Time
Test, the Minnesota Rate of Manipulation Test, and the Trail Making Test. After
controlling for processing speed, tests of cognitive flexibility did not significantly
distinguish between the two groups. The authors concluded that decreased information
processing speed was a significant factor in the performance of the group with severe
closed head injury, rather than cognitive flexibility. Independent results using driving
simulators also supported this conclusion.

In a study using a different criterion measure with a different sample, thirty older
drivers (65 years or more) who had more than three accidents in the previous five years,
and thirty matched controls with no accident records, were administered four tests of
executive functions (Daigneault et al., 2002). These tests were the Colour Trail Test
(D'Elia, Staz, Uchiyama & White, 1996), the Stroop Colour Word Test (Bohen, Jolles
& Twijnstra's method, 1992), the Tower of London (Shallice, 1982), and the Wisconsin
Card Sorting Test (Heaton, 1981). A multivariate analysis of covariance (MANCOVA)
was conducted. When compared with the control group, the group with a history of
accidents took significantly more time on all the conditions of the Stroop Colour Word
Test, had longer planning and execution times on the Tower of London test and
committed significantly more errors than the control group. The authors concluded that
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poorer cognitive flexibility, and poorer ability to plan and solve problems characterised
the group with a history of accidents. In addition, the number of errors made rather than
performance speed, seemed to be the significant factor for this group.

It is clear that the results of Schimdt et al., (1996) and Daigneault et al., (2002) have
shown different results. Although explanations can be given in terms of different
sample characteristics, psychological measures and criterion measures used, further
research is clearly needed to explore the role of executive functions in driving.
Research in this area appears to be in its infancy. Given the limited information on the
relationship of executive functions with driving tasks, one aim of the present study is to
explore the ability of executive function tests included in a neuropsychological test
battery to predict driving performance.

3.7 Other Psychological Factors Affecting Driving
Many psychological factors, particularly emotional states such as depression, anxiety, or
anger may affect driving performance. For those being assessed or tested for
continuation to drive, anxiety is likely to be a salient factor.

There is substantial research indicating that anxiety has an effect on psychomotor
performance and information processing in test situations within the cognitively-intact
population (e.g., Sweeney-Burton, 1998; Halvari & Gjesme, 1995). In general, it has
been found that moderate levels of anxiety may enhance performance but high levels of
anxiety may have a negative impact on psychomotor performance (Yerkes & Dodson,
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1908). Those w h o have high test or performance anxiety, or those high in trait-anxiety,
are the most likely to have anxiety negatively impact upon performance (Yerkes &
Dodson, 1908).

Studies investigating the effects of anxiety specifically on driving performance are few
and have been carried out exclusively on cognitively-intact samples (e.g., Janelle,
Singer & Williams, 1999; Mathews, 1998; Strohbeck—Kuhner, 1999). Janelle et al.,
(1999) examined the role of anxiety on concentration while subjects were required to
perform a driving task on a driving simulator. They found that under high anxiety,
attentional narrowing occurred in the visual field. A possible explanation for this
narrowing of the visual field was that focus is needed on the most important and central
task. Concurrently, the level of distraction increased due to the narrowing of the visual

field because subjects had to direct their gaze from the central task to the peripheral tas
in order to perform the discriminatory exercise. This had the impact of taking the focus
away from the central task thereby resulting in a decrease in the level of driving
performance.

A study by Matthews et al., (1998) examined the relationship between stress, character
response styles to stress, and driving performance on a driving simulator. The Driving
Behaviour Inventory (DBI) was used to assess driver stress. Participants were divided
into groups performing various driving tasks that differed in complexity and stress.
Measures relevant to safety and risk-taking were completed. The results indicated a
complex relationship between response style to stress, stress and driving performance.
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Individuals with a dislike of driving were more prone to accidents caused by diversion
of their attention from vehicle control to internal evaluative cognitive processes, but
they had lower risk-taking behaviour. Individuals who had high levels of aggression
tended to react to perceived threats or frustration from other vehicles by using
confrontative driving behaviours that could be hazardous. Stress, therefore, produced
different types of errors in driving for individuals with different response styles.

However, controversy exists about the extent to which results from laboratory
experiments, with their artificially controlled and manipulated environments, can be
generalised to real-life situations. For example, Strohbeck-Kuhner (1999) questioned
whether results from laboratory-generated studies can be admissible in the court of law.
As such, he examined the effects of test anxiety on performance on a driving assessment
program operating at Heidelberg University. One hundred and eighty-one subjects who
were assessed for driving due to past violations of traffic laws were administered
anxiety measures prior to driving tests. Anxiety measures were re-administered
immediately after the driving tests and again after driving results were given. In
contrast to other studies (e.g., Butki, 1994; Payne & Corley,1994), no significant
correlations were found between subjects' anxiety levels prior to sitting for their driving
test and the results of the test. However, there were significant correlations between
levels of performance on-road and the levels of anxiety that were obtained after
completion of the tests and prior to receiving feedback of test results. StrohbeckKuhner (1999) concluded that anxiety did not have a causal effect on performance as
found in laboratory studies but was a consequence of performance. The author
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hypothesised that perceived poor performance led to an increase in anxiety and
perceived good performance led to a reduction in anxiety.

The suggestion that anxiety may not cause poor performance, but may arise as a
consequence of poor performance contradicts claims that anxiety causes poor on-road
driving performance. However, there is a need to replicate such findings in a
cognitively-impaired population whose processing speed, attention and psychomotor
speed may be already compromised (Brouwer & Withaar, 1997). It is one of the aims
of this study to investigate the effect of anxiety on driving performance in a sample of
individuals with cognitive impairment.
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CHAPTER FOUR

ASSESSMENT OF DRIVING COMPETENCE

This chapter examines the guidelines for driving assessment in the state of New South
Wales, Australia. It is argued that the present Austroads guidelines are inadequate and

lack details regarding what constitutes sufficient deficiencies in cognitive functioning a
to adversely affect driving. The current views on essential components of driving
assessment procedures are examined. In addition, the need to validate assessment
instruments and methods is discussed. Recommendations are made to develop a
standardized and validated assessment procedure that can be adopted statewide. This
chapter concludes with the aims and hypotheses of this study.

4.1 Driving Assessment in New South Wales
Driving assessments for the purpose of licensing for the general population have
changed over the years in New South Wales. In 1966, driving assessment was
standardised throughout NSW, and drivers were examined by officials trained to assess
driving competence. The standardised driving assessment incorporated a test of
knowledge of road rules and a practical on-road driving assessment. Officials used a
standardised assessment form to evaluate the driving skills of the driver.

In 2000, changes were made to the licencing scheme to further promote safe driving.
Individuals are now required to pass three, instead of one, licensing stages before
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obtaining an unrestricted driver licence. The criteria for passing each stage has become
more stringent. The three stages are: Learner, Provisional PI, and Provisional P2.

In addition to the three stages of licencing, new tests called the Hazard Perceptual Test
(HPT) and the Driver Qualification Test (DQT) are included as part of the driving
assessment. Based on research that shows novice drivers typically have difficulties
identifying hazardous situations, HPT is a computer based test that uses simulations to
assess the driver's reaction to hazardous situations. This test has to be passed before a
driver can move from PI to P2. DQT is a written test that assesses the driver's attitude
and behaviour toward driving. Successful completion of this test enables the driver to
gain an unrestricted licence.

In the state of New South Wales, there are no standardised procedures for the
assessment of suitability to drive, particularly for those individuals with cognitive
impairment. This is despite the fact that rehabilitation units in major hospitals regularly
conduct driving assessments for those with physical and/or cognitive impairment. Most
of the driving assessments carried out by rehabilitation units are yet to be validated and
standardised.

4.2 Validity of RTA Driving Assessment
Although the RTA driving assessment for the general population has become the
benchmark by which individuals are classified as 'good enough', or 'not good enough',
to be granted an unrestricted driver license, to date, the driving assessment procedures
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and protocols are not formally validated. Research to confirm the link between R T A
driving assessment and safe, competent, and responsible driving is much needed.

4.3 Driving Assessment for the Cognitively Impaired
Several authors estimated that 70% to 78% of those with head injury resume driving
without advice or assessment from medical specialists (Christie, Savill, Buttress, Newby
& Tyerman, 2001; Fisk, Schneider & Novack, 1998). This is an alarming situation as
the cost and consequences of such unsafe driving to society can be substantial. The
NSW RTA has attempted to address this problem by establishing a uniformed approach
to screen for those individuals who are unsafe for driving, and by putting the onus on
health practitioners to carrying out these screenings. To such ends, recommendations
and copies of Austroad Guidelines (see below) were distributed to health care
professionals via their professional bodies. Procedures to screen for those individuals
with cognitive impairment are included in the Austroads Guidelines.

4.4 Austroads Guidelines for Driving Assessment
In Australia, Austroads, which represents all Australian and New Zealand state and
territory licensing authorities, has published guidelines for medical and health
professionals to use in the assessment and screening of competence to drive ("Assessing
Fitness to Drive for commercial and Private Vehicle Drivers: Medical Standards for
Licensing and Clinical Management, 2003). These guidelines were compiled with
major input from the medical profession and licensing authorities, and by identification
and application of world-best practice (Austroads, 2003).
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Under civil laws of this country, medical and health care professionals are liable if they

do not take reasonable steps to ensure patients, with conditions that have the potential to
affect their driving ability, do not drive in situations that involve an increase risk of
injury to themselves and or others. In the state of New South Wales, recent changes in
privacy laws have meant that the onus is now on the patient to inform the RTA of
problems with safe driving if the health care practitioner has diagnosed a condition that
may affect safe driving. If the patient is non-compliant with the request, and is judged

to be unsafe in his/her driving, the medical or health care practitioner is still obliged t
notify the DLA. In some states, health care professionals are also liable for prosecution
under criminal laws if there is a failure to report.

The Austroads Guidelines provide a list of medical conditions that can affect safe
driving with corresponding recommendations for each condition given. A "Patient
Questionnaire" and "Clinical Examination Proforma" are also provided by Austroads to
assist medical practitioners with assessment of conditions potentially unsafe for driving.
For commercial drivers, the use of these forms is part of the compulsory routine screen.
For drivers of private vehicles, use of these forms for assessment is recommended but
not compulsory.

Dependent on the medical conditions, the recommendations from Austroads can range
from temporary cessation of driving, to loss of unconditional licence pending further
assessment by the DLA. Further assessment by the DLA may or may not involve onroad driving test. However, in most situations, granting of a conditional licence by the
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DLA is reliant on the recommendations provided by medical and health practitioners on
the type of restrictions needed.

For cognitive impairment and dementia, Austroads recommends withdrawal of
unconditional licence for drivers of private vehicles "If there is significant impairment
of memory, visuospatial skills, insight or judgement or if (there are) problematic
hallucinations or delusions." (p. 72). For head injuries, the unconditional licence is
withdrawn "If the person has had head injury causing chronic functional disturbances."
(p.73). For strokes, the unconditional licence is automatically withdrawn pending
further assessment by the DLA and relevant personnel if the person wishes to apply for

conditional or restricted licence (p. 74). For most conditions, referral to a specialist an
a driving assessor is suggested if the health care professional is unsure of
recommendations to be given. Austroads recognises the reliance on clinician's skills in
deciding a person's competence to drive in the statement, "A degree of professional
judgement is therefore required in assessing fitness to drive" (p. 4). Further, Austroads
emphasises that, "Health professionals should also keep themselves up to date with
significant changes in medical knowledge and technology that may influence their
assessment of drivers, and with legislation that may affect the duty of either the health
professional or the patient." (p 4.). Other than including the Mini Mental Status
Examination in the "Clinical Examination Proforma" which is optional to administer for
drivers of private vehicles, Austroads does not provide further information on what
constitutes significant impairment, or suggest the method or form of assessment to be
used for neurological impairment.
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4.5 Standardised Assessment for Driving
The attempt by Austroads to provide guidelines for this population is an important step
towards addressing the issue of safe driving by those affected by certain medical or
mental conditions. However, in doing so, it highlights the complexities and difficulties
in dealing with this area, and perhaps raises more questions than providing answers.
For example, the lack of operational definitions or guidelines for terms such as
"significant impairment" can lead to wide variations in interpretation and assessment by
medical and health care professionals, which can lead to a wide range of responses.
Potentially, an individual with significant cognitive impairment may be judged as
having less severity in impairment. Conversely, an individual with a lesser degree of
cognitive impairment can be judged as having significant cognitive impairment.
Without clear operational definitions or guidelines for terms, misclassifications can
occur that may affect decisions made on individuals.

Individual variations within each medical condition listed in the Guidelines can also
become a problem in that outcome behaviour may not necessarily be predicted by
diagnosis. This means that "across the board" recommendations based on diagnoses
with assumed uniform outcome can falsely classify individuals and can unfairly place
restrictions on individuals who are actually competent to drive. Conversely, individuals
who are incompetent to drive but who do not meet full diagnostic criteria may be
missed. Much evidence exists in the literature about wide variations in individual
responses to a condition. For example, in the area of TBI, Van Wolffelaar et al., (1990)
found inadequate driving skill in only 2 out of 18 individuals who had sustained severe
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traumatic brain injury. Schmidt et al., (1996) found no evidence of impairment of
planning and cognitive flexibility amongst 20 participants in their study with severe
closed head injury when compared with 20 healthy control participants. This contrasts
with studies by Fox et al. (1992) and van Zomeren et al. (1988) that showed impaired
driving skills in samples of participants with severe traumatic brain injury. The wide
variation in responses to medical conditions makes it difficult for clinicians to offer
recommendations based on diagnosis alone.

Similar variability exists between individuals with dementia and CVA. Studies such as
those by Odenheimer (1993), and Friedland et al., (1988) found that driving competence
was unimpaired in a small group of individuals diagnosed with early dementia. Fox et
al. (1992) found 16 out of 39 participants in their study with left CVA passed the onroad driving test, and 14 out of 33 with right CVA also passed the on-road driving test.
While examining the effectiveness of the Cognitive Behavioural Driver's Inventory in
predicting driving performance, Engum et al. (1988) found no relationship between
diagnosis and overall driving performance in 94 participants with neurological
impairments. These results strongly suggest that placing restrictions upon individuals'
driving on the basis of their diagnosis may not be a valid assessment procedure. An

alternate approach is to assess an individual's ability to drive safely regardless of his/h
diagnosis.

Regardless of diagnosis, Austroads has recommended that individuals be referred to
medical specialists or driving assessors for further assessment if the treating medical or
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health care professional is unclear about the driving competence of the person
concerned. This recommendation by Austroad is an attempt to provide further
clarification and assistance for the professionals. However, although the medical
specialists, driving assessors, and specialist teams are more informed and trained in the
area of assessment of competence to drive, standardised assessment procedures are yet
to be developed to them to use a uniform approach to assess those whose driving
competence is questioned.

4.6 Driving Assessment Components
Before considering the issue of standardisation of driving assessment procedures, it is
important to investigate the necessary components that constitute a comprehensive
driving assessment process. Although there are numerous studies that focused
investigating specific components of driving assessment (as cited in previous chapters),
there are surprisingly few studies that recommended the necessary components for a
comprehensive driving assessment procedure. An effective driving assessment
procedure would need to assess all conditions known to affect safe driving behaviour.
These may be as extensive as the inclusions of medical conditions, use of medication,
drugs and alcohol, functional abilities, mental and cognitive status, and personality
traits.

Some studies focused on developing driving assessment protocols for those with
cognitive impairment (e.g., Fox, Bowden & Smith, 1998; Handler & Patterson, 1995;
Withaar, Brouwer, & Van Zomeren, 2000). In general, these authors have concluded
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that neuropsychological examinations and medical examinations are by themselves
inadequate to predict on-road driving behaviour. Fox et al. (1998) and Handler and
Patterson (1995) recommended a combination of off-road (medical, neuropsychological,
and functional assessments) and on-road driving assessments for driving assessment
protocols. Withaar et al. (2000) recommended a staged model of driving assessments.
The first level consists of a general screening of cognitive status using tests that are
highly correlated with mental status and driving, examination of driving habits, and
evaluation of functional abilities for driving and daily activities. Those who failed more
than one neuropsychological test would proceed onto the next level which consists of
on-road driving evaluation carried out in a natural setting.

In investigating essential elements of driving assessment for the general population,
Ranney (1996) recommended on-road driving evaluation that focuses on strategic
compensation before driving, adequate and responsive safety margins, automatic
operation of basic vehicle-control skills, and consistent, predictable responses.
Hopewell (2002) suggested a more comprehensive approach, which once again included
psychological and functional examination in addition to medical evaluation. These
consisted of minimum standards of vision, functional strength and ability, minimum
knowledge of driving information, minimum standards of medical and psychiatric

health, driving and accident/violation history, general personality and attitudinal factors
pattern and severity of alcohol/substance abuse, nature and extent of psychiatric and
executive function disturbance, and basic psychomotor abilities. The general consensus
of these authors seems to be that driving assessment protocols, at the minimum, should
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consist of medical, functional, and psychological evaluation followed by on-road
driving examination.

At present, most rehabilitation teams in the state of NSW responsible for driving
assessment for the cognitively impaired population use a multidisciplinary approach as
described above (e.g., Coorabel Driver Assessment and Training Programme, driving
assessments of Port Kembla Rehabilitation team, the Illawarra Brain Injury Service, and
the Shoalhaven Hospital rehabilitation unit). However, neither the driving assessment
procedure, nor the assessment tools and measurements used, are, in most cases,
validated and standardised for driving. The need for standardisation and validation of
assessment protocol is needed in order that a uniform approach can be adopted by all
medical and health care professionals, which would then reduce the wide variance in
practice. A minimum standard of performance can also then be established for driving
assessment of cognitively impaired individuals.

4.7 The Present Study
The present research aims to evaluate a neuropsychological test battery currently being
used in driving assessments of cognitively impaired individuals referred to a
Rehabilitation Unit in NSW. If it is found that the battery of neuropsychological tests is
sufficiently valid and shown to be effective in predicting driving performance, this may
represent the first step toward standardisation of neuropsychological driving assessment
for the cognitively impaired population.
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Specifically, the study aims to (1) assess the validity of a battery of neuropsychological
tests used at the two services to screen for driving suitability following acquired
cognitive impairment; (2) investigate the role of tests of executive functions in
predicting driving performance; (3) investigate the role of anxiety on driving
performance in a cognitively impaired population. We hypothesise that (i) a relationship
will exist between the neuropsychological test battery and driving test outcome, and that
the results from the neuropsychological test battery can predict the total number of
interventions and pass/fail outcome measures given at the on-road driving test; (ii)
executive function tests are significant in the prediction of the total number of
interventions and pass/fail results of the on-road driving outcome; (iii) anxiety is the
consequence rather than the cause of poor driving performance for individuals with
cognitive impairment.
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CHAPTER FTVE

METHODOLOGY

The sample characteristics, types of measures used, and procedures adopted for both
the main study and the study of anxiety on performance, are described in this chapter.
Statistical analyses are also outlined.

5.1 Introduction
The Rehabilitation Unit of Port Kembla Hospital is responsible for the assessment,
education, intervention, treatment and management of individuals who have sustained
physical and/or neurological impairment in the Illawarra region of New South Wales.
The Illawarra Brain Injury Service (IBIS) caters to individuals with acquired brain
injuries, and is similarly responsible for the assessment, education, intervention and
management of that population. This study utilised data collected from these two
services. Patients to both services can be self-referred, referred by the in-patient
Rehabilitation Unit, by community and other organisations, general practitioners, or
medical specialists. Patients with cognitive impairment referred for driving assessment
would undergo both neuropsychological testing and an on-road driving test.

5.2 Participants
One hundred and seventeen individuals participated in the study. Participants were
drawn from the sample of patients referred for driving assessment to the Illawarra Brain
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Injury Service (IBIS) and the Rehabilitation Unit of Port Kembla Hospital. In 1996,
Nagy, Williams, Bliokas and Britten carried out a prospective study on 61 consecutive
patients who were referred to the Port Kembla Hospital Rehabilitation Service. This
present study incorporates archival data from those 61 participants and additional data
was collected on 56 additional patients who had been assessed in the years 2000 and
2001. In total, 104 of the 117 participants who undertook the neuropsychological
assessment as part of the driving assessment process, also proceeded to receive an onroad driving test. Of the 13 who failed to proceed to an on-road driving test, three were
deemed unfit to drive by their medical practitioners/medical specialists, two decided
they would cease driving, two moved out of the district, three were cleared for driving
by their medical practitioners, one was passed by the RTA for driving, one was
dependent upon alcohol and considered not fit to proceed to on-road driving test, and
one died before completion of on-road driving test.

Of the 104 participants who completed the full driving assessment, 80 were males
(76.9%) and 24 were females (23.1%). Fifty-seven (54.8%) had a recent CVA, 14
(13.5%) suffered TBI, seven (6.7%) were diagnosed with dementia, and 26 (25%) were
classified as having other neurological conditions. The mean age of the participants was
61.35 years (SD = 16.7, range =17-93 yrs), and the mean number of years of driving
experience was 39.7 years (SD = 16.4, range = .5-73 yrs).

Anxiety measures were also administered to the 56 participants assessed in the years
2000 and 2001. As stated above, 13 failed to proceed onto an on-road driving test. A
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further eight subjects had missing or incomplete data on their anxiety measures and
were also excluded from statistical analyses in the anxiety study. Of the remaining 35
participants, 28 were males and 7 females (80% and 20%, respectively). Twenty-four
had a recent CVA (68.6%), two had experienced a TBI (5.7%), five were diagnosed
with dementia (14.3%), and four with other neurological disorders (11.4%). The mean
age of the 35 subjects was 67.17 years (SD=11.8; range = 34-93 yrs) and mean years of
education was 9.89 years (SD = 2.88). The number of years of driving experience
ranged from 16 years to 73 years (M = 46.57; SD = 12.72). The median age at which
subjects first began to drive was 16 years old. Twenty-nine subjects (82.9%) obtained

their initial license at their first driving test and another four (11.4%) obtained their
license at their second test. Two participants (5.7%) obtained their licence at a driving
test beyond the initial two. Twenty-six subjects (74.3% of the sample) drove at least

once a day prior to their illness or injury, with the remaining nine participants (25.7%)
drove less than once a day.

5.3 Materials

5.3.1 Neuropsychological Measures
The following neuropsychological tests were administered to participants.

5.3.1.1 Judgement of Line Orientation (JLO) (Benton. Hamsher. Varnev & Spreen.
1983)
This is a test of visual perception and discrimination, visual judgement, and judgement
of angular relationships. Each of the 30 items consists of a pair of angled lines to be
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visually matched with various options on a display card. Benton, Varney and Hamsher
(1978) showed only 5% of the 144 normal control subjects in their study obtained
scores lower than 19 on the JLO test while 3% of them made scores below 17. The
split-half reliability combining results for two alternate forms of the test (Form V and
Form H) was r = .91. The test-retest reliability coefficient was r = .90 (Benton et al.,
1983). Final test score is obtained by the sum of correctly identified items.

5.3.1.2 Visual Form Discrimination (VFD) (Benton et al.. 1983)

The Visual Form Discrimination test is a multiple choice test consisting of 16 items that
measure visual recognition and attention to detail. For each item participants are given

a target design stimulus which is to be matched with its identical stimulus from a choice

of four. Small variations of displacements, rotation or distortion are present in the thr
incorrect designs. Benton et al. (1983) found 68% of control subjects achieved a score
of 30 or more on the VFD test, and none scored below 23. However, 50% of a brainimpaired sample scored 22 and below. Dee (1970) compared the results of VFD on a
mixed sample of individuals with and without visuoconstructive impairment. The
results indicated a close association between poor performance on the VFD and
visuoconstructive impairment. Newcombe (1969) found poorer performance on the
VFD by individuals with right hemisphere than left hemisphere injury. The prescribed
method of scoring (according to the manual) was used.
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5.3.1.3 Trail Making Test (Parts A and B ) ( T M T A and T M T B ) (Reitan. 1958)
The Trail Making Test Part A is a test of speed of visuo-motor processing and complex
visuospatial scanning. Participants are asked to connect a series of numbered circles by
drawing lines. They are asked to draw the lines as quickly as possible and to follow the
numbers in a consecutive order. Errors are pointed out and corrected as part of the
procedure. The time taken to complete the test is recorded.

The Trail Making Test Part B is a test of double conceptual tracking and shifting of
attention. Participants are required to connect alternately and sequentially, numbers and
letters of the alphabet. Errors are highlighted and corrected as part of the procedure,
and the time taken to complete the test is recorded.

According to Lezak (1995), performance on both Trail Making Tests are vulnerable to
brain injury, and it has been shown to be highly sensitive to the progressive cognitive
decline associated with dementia (Storandt, Botwinick, Danziger, Berg, & Hughes,
1984; Botwinick, Storandt, Berg & Boland, 1988). Reliability coefficients for the TMTs
range from .60 to .90 (Spreen & Strauss, 1991).

5.3.1.4 WAIS-R Picture Arrangement Subtest (PA) (Wechsler. 1981)
The Picture Arrangement subtest of the WAIS-R tests logical sequencing of pictorial
material. Poor performance on this subtest may indicate visuo-perceptual problems,
conceptual confusion, and problems with visual judgement and reasoning. Pictorial
cards depicting a story are given to participants in a pre-arranged mixed order.
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Participants are required to arrange the cards into a logical sequence such that they
would depict a coherent story. Performance on each item is timed. Reliability
coefficients based on split-half studies have ranged from .66 for the youngest age group
to .82 for the 45 - 54 age group (Wechsler, 1981). Test - retest reliability ranges from
.69 to .76 (Lezak, 1995). This test is sensitive to cognitive deficits in general and in
particular those of right hemisphere lesions (Horn & Reitan 1984; Sivak et al., 1981).

Several studies have been cited by Lezak (1995) establishing the sensitivity of this test t
Alzheimer's disease, Huntington's disease, multiple sclerosis, and traumatic brain injury.

5.3.1.5 WAIS-R Digit Symbol Substitution Subtest (DSS) (Wechsler, 1981)
The DSS test is a test of speed of information processing and psychomotor performance.
Visual acuity does not play an important part in this test but response speed, sustained
attention, skills in encoding the symbol verbally, visuo-motor coordination and motor
persistence do (Estes, 1974; Schear & Sato, 1989). It is a timed task in which
participants have to match numbers to their corresponding symbol. Test-retest
correlation coefficients range from .82 to .88 (Matarazzo and Herman, 1984; Wechsler,
1981; Youngjohn, Larrabee, & Crook, 1992). According to Lezak (1995), this is one of

the more sensitive tests to cognitive impairment even if the deficit is slight. However, it

sensitivity is non-specific, that is, it is unlikely to be able to predict the locus of a l
Studies have established its sensitivity to dementia (Storandt & Hill, 1989),
Huntington's disease (Strauss & Brandt, 1986) and cerebral tumour (Horn & Reitan,
1984).
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5.3.1.6 W A I S - R Block Design Subtest ( B D ) (Wechsler, 1981)
The Block Design subtest tests visuospatial problem-solving, construction skills and
psychomotor skills. Each item is timed and items are given in order of increasing
difficulty. Participants are required to construct and reproduce two dimensional designs
as shown to them in a booklet by using a designated number of blocks. All blocks are
identical - red on two sides, white on another two sides, and half red and white on the
remaining sides. Individuals with cognitive impairment often score poorly on this
subtest. Split-half reliability coefficients reported in the WAIS-R manual range from .83
to .89 (Wechsler, 1981). A review of many studies has shown that scores for this test
tend to be lower than controls for most types of cognitive impairment (Lezak, 1995).

For the 3 subtests of the WAIS-R used for this study, the standardised method of scoring
as per the instruction manual for this test was used.

5.3.1.7 Rev-Osterreith Complex Figure Test - Copy Trial (RCF) (Rev, 1941: Osterreith,
1944)
The RCF copy trial is a test of perceptual organisation, planning skills and problemsolving strategies. Whilst viewing the complex figure participants were required to
reproduce it by drawing it onto a piece of paper. Scores were given for accurate
reproduction of various components of the figure according to the Taylor scoring criteria
cited in Spreen & Strauss (1998). Further, the manner in which participants copy the
design was closely observed and classified into levels of organisation (Osterreith, 1944).
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However, the scorings on organisation levels were not included in the data analysis for
this study.

Normative data for various age groups is provided by Osterreith (1944). Spreen and
Strauss (1998) cited inter-rater and intra-rater reliability above r = .8 for total scores
using the above methods of scoring. Split-half and alpha coefficients have been found to
be above r = .6 for the copy trial (Berry et al., 1991; Fasteneau et al., 1996). Principal
components factor analyses on data from copy and recall trials collected from normal
and cognitively impaired individuals have suggested a five-factor solution (Meyers &
Meyers, 1995). These factors are visuospatial recall, visuospatial recognition, response
bias, processing speed, and visuospatial constructional ability.

5.3.1.8 Rev Auditory Verbal Learning Test (RAVLT) (Rev. 1958: Lezak. 1983).
The RAVLT is a test of verbal learning capability which examines participants'
immediate verbal memory span, learning curve, learning strategies, proactive and
retroactive interference tendencies, tendencies to confabulation or confusion, short-term
and long-term verbal retention. It also allows comparison between retrieval efficiency
and learning. A list of 15 words is presented to the subject for each of five trials, with
the words being presented in the same order for each trial. At the end of each
presentation, the subject is asked to recall as many words as possible from the list. The
order in which the words are remembered are recorded. After the fifth trial, a second list
of words (list B) is presented to be remembered. Following that, a further trial (trial 6)
consists of asking the participant to recall the original list of words. Retention rate can
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be examined by adding another trial with 30 minutes delay of recall although delayed
recall was not administered for this study. Most studies have reported immediate recall
of 6.3 to 7.8 words at trial one, to 12 to 14 words at trial five (Lezak, 1995), with a

reduction of 1.5 to 2 words between trial five and trial six after the administration of t
second list of words. For this study, the recognition trial was also given after trial 6.
This consisted of the presentation of a list of 30 words that included words from the
original list. The participants were asked to select and tick only the words that they
recognised from the original list. Scores for each trial were obtained by adding the
number of correct responses.

Studies by Snow, Teirney, Zorzitto, Fisher, and Reid, (1988) and Uchiyama et al. (1995)
have shown moderate test-retest reliability over a one year interval. The RAVLT has
been found to have three factors, short-term memory, storage and retrieval (Talley, 1986;
Vakil & Blachstein, 1993). It has also been shown to be sensitive to neurological
impairment (Powell, Cripe, & Dodrill, 1991), laterality of brain damage (Malec, Ivnik,
& Hinkeldey, 1991; Micele, Caltagirone, Gainotti, Masullo & Silveri, 1981), and verbal
memory deficits in a variety of patient groups (Lezak, 1983, Malec et al., 1991; Powell
et al., 1991; Vakil, Blacjstein & Hoofien, 1991).

5.3.1.9 Wisconsin Card Sort Test (WCST) (Grant & Berg, 1948: Heaton, Chelune,
Tallev. Kav & Curtis, 1993)
The Wisconsin Card Sort test is a test of concept formation, cognitive flexibility and
conceptual shift. It is computer administered. Participants are asked to match 128
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'cards' one at a time to one of four stimulus 'cards' according to principles k n o w n to the
examiner/computer (colour, form or number) but unknown to the subject. Through trial
and error and deductions, the subject's task is to determine which of the three principles
is the prevailing one at any particular time. The computer's feedback of "right" or
"wrong" after each sort provides a guide to the subject. Unknown to the subject, the
sorting principle changes after the completion of 10 consecutive correct sorts. Guided by
the feedback from the computer, the participant ideally changes his or her sorting
principle accordingly. The recommended methods of scoring for this test were used for
this study, and test scores were generated by the computer. However, only the number of
categories completed was included in the final calculation for the Pass/Borderline/Fail
classification for the neuropsychological test battery.

A factor analysis performed has indicated loading on three factors - "complex
intelligence", "planning-organisation", and "planning-flexibility" (Daigneault et al.,
1988). Several studies using functional PET or SPECT and MRI imaging have
supported the sensitivity of this test to frontal lobe functioning (Arnett et al., 1994;
Heaton et al., 1993; Rezai, Andreasen, Alliger, Cohen, Swayze & O'Leary, 1993).
Spreen and Strauss (1998) have cited studies indicating interrater and intrarater
reliability correlations for the WCST above r = .83.

5.3.1.10 Cut-off Scores for Tests
The cut-off scores for pass/fail of neuropsychological tests are set conservatively as
outlined in the following table. These were the criteria used by psychologists as
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guidelines for making decisions about Pass/Borderline/Fail status following
neuropsychological assessment.

Tabel 2. Cut-off Scores for Neuropsychological Tests.
test

fail score

rationale

source

Digit Symbol

R a w score 17 or less

W A I S - R Manual

Block Design

R a w score 5 or less

Picture Arrangement

R a w score 3 or less

RAVLT

Gain of 2 or less from
trials 1 to 5

Trail Making Test A

105 sees +

M e a n score of age 7074
M e a n score of age 7074
Mean score of age 7074
Lezak (1983) suggests a
gain of 4 indicates
learning
th
25 percentile

Trail Making Test B

292 sees +

25th percentile

Lezak (1983)

Judgement of Line
Orientation

18 and below

Moderately defective
range

Visual Form
Discrimination

25 and below

Borderline/mildly
defective

Rey Complex Figure

Copy score of 25 and
below
2 categories or less

> 10th percentile

Bentin, Hamsher,
Varney and Spreen
(1983)
Bentin, Hamsher,
Varney and Spreen
(1983)
Osterreith (1944)

Wisconsin Card Sort

> 1 S D below mean for
normals aged over 59
years

W A I S - R Manual
W A I S - R Manual
Lezak (1983)

Lezak (1983)

Heaton (1981)

5.3.1.11 Pass/Borderline/Fail Criterion for Neuropsychological Assessment

The criteria for pass, borderline, or fail for the neuropsychological test battery are:
Pass Fail 1 test or less
Borderline Fail 2 to 4 tests
Fail Fail 5 or more tests
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5.3.2 Anxiety Measures

5.3.2.1 State-Trait Anxiety Inventory - 6 (STAI-6).
The STAI-6 (Marteau & Bekker, 1992) is a six item version of the state anxiety subscale of the State-Trait Anxiety Inventory (Spielberger, 1983). Items (e.g., "I am
tense") are rated on a 4-point Likert scale ranging from (1) "not at all" to (4) "very
much". Participants were instructed to rate the six items according to how anxious they
felt "right at this moment". The STAI-6 has a Cronbach reliability coefficient of alpha
= .82 and paired t tests have revealed no significant differences between the mean
scores of the STAI-6 and the full-form of the STAI (Marteau & Bekker, 1992).

5.3.2.2 Test Anxiety Inventory - 5 (TAI-5).
The TAI-5 is a short form of the Test Anxiety Inventory (Spielberger et al., 1980)
developed by Taylor and Deane (2002) primarily for research purposes. Items (e.g., "I
feel very panicky when I take an important test") are rated on a 4 - point Likert scale
ranging from (1) "almost never" to (4) "almost always". The full version of TAI is a
20-item inventory designed to measure anxiety in test situations. The measure has two
subscales, 'worry' and 'emotionality'. The TAI-5 version was found to be highly
correlated with the full version of the TAI (r = .94) and had a Cronbach alpha of .87
(Taylor & Deane, 2002). Patterns of correlations with measures of trait and state
anxiety were highly similar between the TAI-5 and TAI-20 providing support for
concurrent validity.
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5.3.2.3 Other Anxiety Measures.
In order to provide further measures of anxiety and driving skills, five additional items
were adapted from Taylor (2000) for the purpose of the current study . These were (a) a
rating of how anxious the subjects felt about their driving in general, using a 10-point
Likert scale from (0) "not at all anxious" to (10) "highly anxious" - administered prior
to neuropsychological assessment, (b) a rating of how anxious the participants felt after
the on-road driving assessment, on a 10 - point scale ranging from (0) "not at all
anxious" to (10) "extremely anxious", (c) a participant completed rating of driving
skills during the on-road assessment on a 7 - point Likert scale, ranging from (1) "very
good" to (7) "very poor", (d) a rating where participants were asked to compare their
performance on the on-road driving assessment with their usual driving behaviour using
a 7 - point Likert scale ranging from (1) "much better" to (7) "much worse", (e) a
forced-choice item in which participants were asked whether they believed anxiety had
affected their performance during the on-road test at the end of the on-road assessment,
as indicated by a response of either "yes" or "no".

Two measures were also completed by the driving instructor and the occupational
therapist after the on-road driving assessment. These were (a) a rating of the
participant's driving performance on a 7 - point Likert scale ranging from (1) "very
good" to (7) "very poor", and (b) a forced-choice item asking them to indicate if they
believed that anxiety had affected the driver's performance, by endorsing either "yes" or
"no". Item (a) was adapted from Taylor (2000).

5.3.3 Off-road Occupational Therapy Assessment
The following were tests used by the occupational therapists as part of the off-road
assessment prior to on-road driving assessment:

5.3.3.1 Vision Screen
The subject was screened for distance acuity, peripheral vision, binocular eye
movements, and strabismus (see Appendix A).

5.3.3.2 Physical Screen
Physical flexibility, strength, tone and pain level were examined for shoulder, elbow,
forearm, wrist, digit, bilateral grasp, hip, knee, ankle, trunk and neck. Sensation to the
limbs, co-ordination, mobility and balance were also checked (see Appendix B).

5.3.3.3 Road Law Written
Participants were required to complete this written test of knowledge of road rules (see
Appendix C).

5.3.3.4 Road Law Visual
A series of slides were shown of typical road signs or complex traffic situations.
Participants were to answer specific question developed for each slide (see Appendix
D).
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5.3.3.5 Visual Recognition Slide Test
Participants were shown a total of 15 slides taken at a roundabout. A changing number
of people and vehicles were on each slide. Each slide was shown to the participants for
3 seconds and then removed. They were to identify the object of each slide, provide its
location, whether it was on the left or right, and the direction it was travelling (see
Appendix E).

5.3.4 On-road Driving Test
All participants undertook an on-road driving test along a standardised route in the City
of Wollongong. The route had been selected for its mixture of traffic densities (low,
medium and high) and for its broad representation of traffic complexities typically
found in city driving (such as stop signs, give-way signs, traffic lights, roundabouts, 4way intersections, etc).

In all on-road assessments, the driving instructor was responsible for the safety of the
occupants of the vehicle and route guidance. He sat beside the participant in a dualcontrolled vehicle. The occupational therapist was responsible for the scoring of the
participant's performance, as well as delivering prompts and interventions as required.
The occupational therapist was seated on the back seat of the vehicle. The driving
instructor and occupational therapists were familiar with the route.

The occupational therapists scored participants' performance according to the Driver
Performance Coding Test (see Appendix F). The type of instructions and prompts
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given, and comments by the occupational therapist, were also recorded on the On-Road
Driving Checklist (see Appendix G). These were based on checks of observations made
by the driver while driving, use of indicators, manner of braking and acceleration, gap
selections, and approaches to traffic situations. The number of prompts given to the
driver, emergency braking, and active interventions were recorded in a separate sheet.
These were separate measures.

In an unpublished paper, Nagy et. al (1996) included the total number of interventions
given by the occupational therapist as a driving outcome measure. They argued that the

sole reliance on Pass/Fail of on-road driving test as a categorical rating lacked sufficien
information to indicate how well one has driven. Pass or failure at the on-road test
depended on the type of interventions given. Failure was given if there was a failure to
make corrections after having received feedback, a display of lack of insight into poor
driving behaviours, observations of poor impulse control, dangerous manoeuvres such

as a failure to brake or to check a 'blind spot', or of disorientation and mental confusion
As such, Pass/Fail was dependent on the seriousness of the intervention given. Nagy et.
al (1996) raised the point that the total number of interventions incurred by the driver
might also be relevant as an outcome measure in that it provided more information on
the quality of driving. For the purpose of this study, the total number of interventions
was included as a driving outcome measure. Therefore, the number of interventions
administered, the number of prompts given and frequency of instructions for braking
were collected for each participant and totalled to form this measure. The total number
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of interventions and Pass/Fail of on-road driving test constituted the two outcome
measures for this study.

5.4 Procedure
The procedure used for this study mostly followed that presently used by the
rehabilitation team at Port Kembla Hospital or IBIS. The modifications made for this
study were: (i) all participants proceeded onto on-road driving test regardless of the
outcome of their neuropsychological assessment. In the clinical procedure, those who
failed the neuropsychological did not proceed onto on-road driving test, (ii) the
participants diagnosed with dementia were automatically given a modified (simplified)
route in the clinical procedure before being tested on the standardised route. This was
done as a safety measure to protect the occupants of the vehicle. For this research, all
participants, regardless of neurological diagnoses, were tested on the standardised route,
unless there were substantial uncertainties about the ability of the driver to drive safely
(such as the failure of the neuropsychological assessment combined with relevant
information from the driver's relatives or medical specialist). In such cases, a modified
route was used first before the use of the standardised route, (iii) the participants could
request to be examined for a restricted licence only. For example, they may only want
to drive from their home to the local shopping centre. In the clinical procedure,
accommodation would be made to examine these participants either on a modified route
or route of their choice. For the purpose of this research, all participants were tested on
the standardised route, (iv) for those who have failed the on-road driving test, depending
on the clinical judgement of the occupational therapists, some participants were offered
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retraining and were then re-tested either for a full or restricted licence. For the purpose
of this study, our data collection stopped at the initial Pass/Fail of on-road driving test.

Figure 3 illustrates the pathways of driving assessment at Port Kembla Hospital for
those participants assessed in year 2000 to 2001. Referral numbers, drop-out rates, etc.
for participants who were assessed prior to 1996 were not available.
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Figure 3. Pathway of Assessment for 56 participants.

Referrals
from
Medical
Specialists
N = 70
Physical
Disability
and or
Visual
Impairment
N =11

Occupational
Therapist
N = 70

Assessment by
R T A in
modified car

N =8

Neurological
Conditions
N = 59
Neuropsychological Assessment N = 59
Participation in Research N = 56

Licence withdrawn by GPs

N =3
Patient decided not to
Droceed. N = 2
Licence granted by GPs

N =3
Moved away
N =2
R T A passed
N-l
Died. N = l
Alcohol dependent. N = 1

On-Road
Driving Test
N = 43

Pass
N = 22

Fail

N = 21

Licence
Withdrawn
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Prior to conducting the study, ethical review and approval was provided by the H u m a n
Research Ethics Committee of the University of Wollongong. In accordance with the
ethical guidelines, participants were informed that participation in the study was
voluntary, that non-participation did not jeopardise their assessment results, that they
could withdraw their participation from the study at anytime even if they have given
consent initially, and that research data would be de-identified. Participants were
supplied with the names and contact telephone numbers of people responsible for the
research and information about the study. All patients for driving assessment were
given an information sheet on the driving assessment prior to initial consultation (see
Appendix H).

All patients referred consecutively to the Rehabilitation Psychology Department for
driving assessment were invited to participate in this study. They were informed
verbally about the research, and were given an information sheet (see above) to read
while they were waiting for the neuropsychological assessment. They were told that the
normal assessment procedure would apply. If they were interested in participating in
the research they were given a Consent to Release Information form to sign (see
Appendix I), and it was explained to them that their involvement in the study consisted
of releasing test results to the research team for analysis. They were informed that test
results would be de-identified. In total, all but three patients agreed to take part in the
study.
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If the patient w a s assessed by the medical specialist as having cognitive impairment, an
appointment was made first for neuropsychological assessment. For the purpose of this
study, all participants proceeded to full driving test after their neuropsychological
assessment and regardless of the outcome of their neuropsychological assessment.

Most participants completed the neuropsychological assessment in one sitting. If fatigue
was suspected, the neuropsychological assessment was completed across two sittings.
The neuropsychological tests were strictly administered in a pre-arranged order to
ensure constant order effects and to minimise other influences if the assessment needed
to be conducted over two sessions.

The TAI-5, STAI-6 and the ratings of anxiety for driving in general were administered
prior to the commencement of the neuropsychological assessment. Testing was
conducted by either one of six Clinical Psychologists. All psychologists were
experienced in administering the neuropsychological test battery for driving. Results of
the neuropsychological assessment were sent to the occupational therapists prior to the
off-road assessment. The occupational therapists were aware of the results of the
neuropsychological assessment for safety reasons.

Off-road assessment by the occupational therapists usually took place approximately
two weeks after the neuropsychological assessment. Off-road and on-road driving
assessments were carried out during the same session except in cases where fatigue was
considered an issue.

85

Immediately prior to the on-road driving assessment, the STAI-6 was re-administered to
the participants by the occupational therapists. Immediately after the on-road driving
test and prior to the announcement of the results of the driving test, participants
completed ratings of their general anxiety level, the STAI-6, the rating of their driving
performance, the rating of whether they believed their performance was representative
of their driving in general, and the rating of whether they thought anxiety had
influenced their performance. Following the driving assessment, the driving instructors
and the occupational therapists provided ratings of the participants' driving performance
and the degree to which they thought anxiety had influenced the participants'
performance.

5.5 Analytical Procedure
Both descriptive and inferential statistics were used in the analysis of the results. The
descriptive statistics provided an analysis of the qualitative aspects of this study, while
the inferential statistics enabled conclusions to be drawn about cognitive functions,
anxiety and driving performance.

All data was screened for missing scores prior to conducting analyses. For the main
study, two participants were missing data for the Trail Making Test B and three
participants were missing data for the recognition trial of the Rey Auditory Verbal
Learning Test. The missing data was replaced by the mean score for the group for each
test (p. 63, Tabachnick & Fidell, 1996). No other missing data was found.
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5.5.1 Main Study
For the main study, correlations were used to examine the relationships between
neuropsychological tests and on-road driving results. Distributions for all variables were
checked for normality. PA, TMT A, TMT B, RCF, and VFD were found to be skewed
and/or to have kurtosis of 1 and were transformed by logarithmic transformation. Prior
to transformation, PA had 1 (constant) added to all scores as its original scores started
with '0' (Tabachnick & Fidell, 1996), and RCF and VFD were 'reflected' as they had
negative skewness (1 is added to the largest score to form a constant, with the
'reflected' variable created by subtracting all scores from this constant) (Tabachnick &
Fidell, 1996). The total number of interventions was also skewed and had kurtosis over
1. Square root transformation was applied. As the original scores for total number of
interventions started at '0', following the recommendations of Howell (1992) .05 was
added to all scores prior to square root transformation. All transformed variables were
re-checked for their distribution. Kolmonov-Smirnov test of normality indicated
transformed variables PA, VFD and RCF had distributions significantly different from a
normal distribution. However, examination of the residuals showed assumptions of
normality, linearity and homoscedasticity were met.

Parametric correlation analyses were used in this study. Where there were concerns with
distributions a further check with non-parametric tests was conducted.

To examine the relationship between neuropsychological tests and the total number of
interventions on-road, Pearson's product moment correlations were carried out using
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transformed variables for those that were skewed. T o investigate the relationship
between neuropsychological tests and the pass/fail driving outcome measure, Spearman
rho correlation was also conducted on the untransformed variables.

To investigate the predictive value of the battery of neuropsychological tests as a whole
on the total number of interventions given at the on-road driving test, standard multiple
regression analysis was employed. To control for multicollinearity, only one of the
variables with a correlation close to 0.7 and above was selected for regression analyses
(as recommended by Tabachnick & Fidell, 1996; Pallant, 2001). The risk of
multicollinearity was suggested for DSS and TMT B (r = -.79, p = .01 [2-tailed]). To
reduce the risk of multicollinearity, TMT B was selected over DSS for use in the
multiple regression because it had the highest correlation with the total number of
interventions. RAVLT recognition was chosen over RAVLT recall trial for a similar
reason and because RAVLT trial 5 - trail 1 was not significantly related to the total
number of interventions.

To maximise power and to reduce the number of independent variables entered into the
logistic regression analyses, the variables with non-significant correlations with the
outcome measure were excluded (p. 132, Tabachnick & Fidell, 1996). This was carried
out to increase the independent variable to participant ratio. The excluded variables
were: VFD and RAVLT trial 5 - trial 1.
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T o explore the capacity of the battery of neuropsychological tests to predict pass/fail
results of the on-road driving test, standard logistic regression analysis was conducted.
Based on Spearman's rho correlation analysis, neuropsychological tests not significantly
correlated with the pass/fail outcome measure were eliminated from the logistic
regression analyses. As such, the WCST was excluded. To reduce the risk of
multicollinearity between DSS and TMT B (r = -.79, p = .01 [2-tailed]), DSS was
excluded from the logistic regression analyses. TMT B was selected due to its higher
correlation with pass/fail criterion measure.

To explore the capacity of the Pass/Borderline/Fail classifications of the
neuropsychological assessment to predict Pass/Fail of on-road driving test, a Chi-Square
analysis was carried out. The results were compared with those of the statistical model
generated by the logistic regression analysis.

To examine the role of executive functions on driving, the neuropsychological tests
were divided into two groups, those considered to be executive function tests and other
cognitive tests. This was done independently by two experienced Clinical
Psychologists from the rehabilitation service and their concordance rate was 100%. The
tests considered to measure the executive functions were: PA, BD, TMT B, RCF, and
WCST. The tests considered to measure more general cognitive functions were: JLO,
VFD, DS, RAVLT recognition, and TMT A. Factor analysis was then carried out with
the tests to examine the validity of such a separation of tests. The principal components
analysis was used as a method of extraction. Owing to the correlations between
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components, the oblique rotation was subsequently employed to aid interpretation after
the selection of the underlying components.

5.5.2 Anxiety and Driving Assessment
For the second part of the study, the descriptive statistics on the anxiety measures
including the frequencies, means and standard deviations were first calculated to enable
a comparison of driving-related fears between the cognitively impaired sample of this
study and the cognitively intact sample of Taylor (2000). Independent sample t-tests
with a Bonferroni adjustment were carried out to compare driving anxiety measures
between the three groups (this sample and Taylor's control and driving fearful group).

Both parametric and non-parametric correlations were then conducted; firstly, to
explore the relationship between anxiety measures and both neuropsychological test
performance and on-road driving performance; secondly, to explore the relationship
between the self-ratings of the participants and their on-road driving performance;
thirdly, to examine the relationship between the self-ratings of the participants and the
ratings carried out by the occupational therapists and the driving instructor on anxiety
measures.

A repeated measures ANOVA was carried out to examine the differences in levels of
anxiety across three situations - pre-neuropsychological testing, pre-on-road test and
post-on-road test. A series of paired t-tests with Bonferroni adjustments were then
conducted to determine the specific differences between each pair of groups

All statistical analyses were conducted using SPSS for Windows Version 11 (Norusis,
2001).
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C H A P T E R SIX

RESULTS

6.1 Neuropsychological Testing of Driving Suitability

As discussed above, all variables were examined for their distribution pri

analyses. Trail Making Test A and B, Picture Arrangement, Rey-Osterreith C
Figure Test, Visual Form Discrimination, and Total Number of Intervention

to have skewness at and above "1" and high kurtosis. Logarithmic transform
made to TMT A&B, PA, RCF, and VFD. Square Root transformation was made to

Total Number of Interventions. To simplify expression in the subsequent re

discussion sections, the transformed variables will be referred to by thei

as opposed to being prefaced with "Log" or "Square Root". For example, Log

will be referred to as TMT A, etc., and Square Root of the total number of
will be referred to as total number of interventions.

Results of the neuropsychological test intercorrelations indicated that ma
were significantly associated, as shown in Table 3.
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6.1.1 Neuropsychological Tests and Driving O u t c o m e Measures
In order to investigate the relationships between neuropsychological tests and the two
driving outcome measures (total number of interventions and pass/fail), Pearson's
product-moment and Spearman's rho correlations were conducted, as shown in Table 4.

With the exception of the Visual Form Discrimination Test and the Rey-Auditory
Verbal Learning Test (trial 5 - trial 1), significant relationships were found between the
remaining neuropsychological tests and the total number of interventions given during
the on-road test. The direction of the relationships indicated that poor performance on
these neuropsychological tests was associated with a greater number of total
interventions given during the on-road driving test.

Spearman rho correlations were carried out to examine relationships between the
neuropsychological tests and the pass/fail criterion measure. Unlike the variables
entered into the Pearson's product moment correlations, the variables entered into the
Spearman's rho correlations were untransformed. With the exceptions of RAVLT trial
5 - trial 1, RAVLT recall trial, and the WCST, all remaining neuropsychological tests
were significantly correlated with the pass/fail on-road driving outcome measure. The
direction of the correlations indicated that poorer performance in the
neuropsychological tests was related to failure at the on-road driving test.
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Table 4. Correlations between Neuropsychological Tests and Driving O u t c o m e Measures

Neuropsychological

Correlations

Outcome Measures

Pearson's
Spearman's

Total Number of
Interventions
. 29**
-.33**

Pearson's
Spearman's

-.26**
-.29**

-.39**

Judgement of Line
Orientation

Pearson's
Spearman's

-.23*
-.20*

-.29**

Picture Arrangement

Pearson's
Spearman's

-.26**
-.25**

-.33**

Rey Auditory Verbal
Learning Test
Trial 5-Trial 1

Pearson's
Spearman's

-.17
-.16

-.11

Rey Auditory Verbal
Learning Test
Recall Trial

Pearson's
Spearman's

-.26**

Rey Auditory Verbal
Learning Test
Recognition Trial

Tests

Block Design

Digit Symbol

Pass/Fail

. 44**

-.26**

-.16

Pearson's
Spearman's

. 27**
-.30**

-.21*

Rey-Osterreith Complex
Figure Test

Pearson's
Spearman's

_ 32**
-.32**

-.41**

Trail Making Test A

Pearson's
Spearman's

33**
.33**

2g**

Pearson's
Spearman's
Pearson's
Spearman's

.28**
.28**
-.03
-.03

Pearson's
Spearman's

_ 27**
__27**

Trail Making Test B
Visual Form
Discrimination Test
Wisconsin Card Sort

.32**
-.25*

-.13

The correlation for the R O C and V F D tests are adjusted negatively as they were reflected before
logarithmic transformation. The positive correlations between T M T A and T M T B scores with driving
outcome measures indicated that high scores on these tests suggested greater cognitive impairment. High
scores on the remaining tests indicated less cognitive impairment, resulting in negative correlations with
driving outcome measures.
** p < .01 (2-tailed), * p < .05 (2-tailed).
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To explore the relationship between the two criterion measures, Spearman's rho
correlation analysis was conducted. As described in Chapter 5, the pass/fail outcome
measure was based on the types of the intervention given. Failure was incurred if there
was a failure to make corrections after feedback, a lack of insight exhibited by the driver
into his/her driving behaviour, poor impulse control, a dangerous manoeuvre executed
such as failure to brake (emergency braking by the driving instructor) or to check blind
spots, and a display of disorientation or mental confusion. Therefore, the total number
of interventions was related to the pass/fail criteria only in terms of the seriousness of
the interventions made. The results showed a moderate and significant correlation
between the total number of interventions and pass/fail of on-road driving test (r = .54, p
<.01).

6.1.2 Neuropsychological Test Battery and Driving Outcome Measures
To test the hypothesis that the results of the neuropsychological test battery can predict
the total number of interventions given during the on-road driving test, standard
multiple regression analysis was conducted. All the neuropsychological tests
(independent variables) that were significantly correlated to the "total number of
interventions" (dependent variable) were entered into the standard multiple regression
analysis. These were BD, JLO, RAVLT Recognition, WCST, TMT A (log), TMT B
(log), and RCF (log). The outcome measure was the total number of interventions
(square root). The results of the regression analysis are displayed in Table 5.
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Table 5. Multiple Regression Analysis of Neuropsychological Test Battery on Total Number of
Interventions O n Road
Variables

B

Std. Error

Beta

Line Orientation

-0.011

.028

-.046

Wisconsin Card Sort

-0.046

.063

-.082

R A V L T Recognition

-0.049

.035

-.144

RCF (log)

.452

.414

.136

T M T A (log)

1.144

.778

.193

T M T B (log)

-.168

.715

-.034

Block Design

-0.004

.016

-.033

Note. R Square = .18,Adjusted R Square - .12,R=.42

The results indicate that the overall R for regression equation was significantly different
from zero, F(7, 96) = 3.01, p < .01. Eighteen per cent of the variability in the total
number of interventions given at the on-road driving test were predicted by the
independent variables. However, none of the neuropsychological tests independently
contributed significantly to the prediction of the total number of interventions given at
the on-road driving test.

To test the hypothesis that the neuropsychological test battery used for driving
assessment was predictive of the pass/fail results of on-road driving assessment, a
logistic regression analysis was carried out. A standard logistic regression analysis was
conducted with PA, BD, TMT A, TMT B, JLO, RCF, VFD and RAVLT recognition as
predictors and pass/fail of on-road driving test as outcome. As previously noted, WCST
was excluded from the predictors due to its non-significant relationship with the
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outcome variable, and D S S was eliminated due to its high correlation with T M T B ( r =
.79, p = .01 [2-tailed]). The results are shown in Table 6.

Table 6. Logistic Regression Analysis of Neuropsychological Test Battery on Pass/Fail On-

Interval for
Variables

B

Wald Test
(z-ratio)

Odds Ratio

Odds Ratio

Upper

Lower

PA

-.063

.804

.939

.819

1.077

BD

.005

.016

1.005

.935

1.080

TMT A

.019

2.935

1.019

.997

1.041

TMTB

-.003

.568

.997

.991

1.004

JLO

-.019

.097

.981

.872

1.105

RCF

-.126

4.232

.882

.782

.994

VFD

-.037

.285

.964

.843

1.103

RAVLTrecgn

-.058

.580

.944

.814

1.103

Constant

4.815

2.703

123.3

The results showed that a test of the full model with all the predictors against a constantonly model was statistically reliable (Chi-square (8, N = 104) = 30.86, p < .001),
indicating that the neuropsychological tests (predictors) can reliably distinguish between
pass and fail of the on-road driving test outcome. This is confirmed by the Hosmer and
Lemeshow Goodness of Fit test which showed Chi-square (8, N =104) = 4.131 was
non-significant, supporting the model with all its variables as fitting the data.
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Table 7. Classification of Pass/Fail Driving Outcome Based O n Logistic Regression
Neuropsychological

On-Road
Driving Test

Assessment

Pass

Fail

Overall Percentage

Pass

57

6

90.5

Fail

21

20

48.8

73.1

76.9

74.0

Percentage Correct

The neuropsychological tests examined were able to correctly classified 7 3 . 1 % of
participants as passing the on-road driving test and 76.9% as failing, with the overall
correct classification as 74% (Table 7). According to the WALD criterion, the RCF was
the only neuropsychological test able to predict pass/fail driving outcome, z = 4.23, p <
.05. However, its contribution to the amount of outcome variance explained is small
(odds ratio = .882).

To examine the ability of the pass/borderline/fail classifications of the
neuropsychological assessment to predict pass/fail classifications of the on-road driving
test, a Chi-square analysis was conducted. The results are shown in table 8.

Table 8. Cross Tabulation Between Pass/Borderline/Fail of Neuropsychological Assessment and
Pass/Fail of On-road Driving Test

NEUROPSYCHOLOGICAL

ASSESSMENT

Pass

Borderline

Fail

ON

Pass

37

22

4

ROAD

Fail

12

18

11

Percentage Correct

75.5

73.3
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The assumptions of Chi-square were met with the m i n i m u m expected cell count as 5.91.
The Chi-Square (2, N = 104) = 12.32 indicated that the neuropsychological test battery
was able to significantly classify the on-road driving test outcomes. Thirty-seven
participants out of 49 who passed the neuropsychological assessment passed the on-road
driving test. This gives the neuropsychological assessment a specificity of 75.5%.
Eleven participants out of 15 who failed the neuropsychological assessment failed the
on-road driving test, thus, giving the neuropsychological assessment a sensitivity of
73.3%. Fifty-five percent of the participants who were classified as borderline by the
neuropsychological assessment went on to pass the on-road driving test while the
remaining 45% failed the on-road. The specificity and sensitivity of the clinical model
are similar to those of the statistical model.

6.1.3 The Role of Executive Function Tests in Driving Assessment
As discussed previously, neuropsychological tests were divided into those considered to
measure executive functions and other general cognitive tests by consensus between
two Clinical Psychologists. In chapter 4, it was mentioned that some
neuropsychological tests measure more than one cognitive domain, and it is generally
considered that general cognitive functions are related to the operation of executive
functions. A principal component analysis was conducted on the neuropsychological
tests to assess the validity of separating them into general cognitive function and
executive function tests.
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As shown in Table 3, coefficients of .3 and above were mostly present in the correlation

matrix, indicating the suitability of the data for factor analysis. The sample size of over
100 was considered adequate for such analysis (Coakes & Steed, 2001). The KaiserMeyer-Oklin value was .9, exceeding the recommended value of .6 (Kaiser, 1970, 1974)
and the Bartlett's Test of Sphericity (Bartlett, 1954) reached statistical significance,
supporting the factorability of the correlation matrix.

Principal components analysis revealed the presence of two components with
eigenvalues exceeding 1, explaining 50% and 10% of the variance respectively. To aid
in the interpretation of these components, oblique rotation was performed owing to the
correlations between executive functions and general cognitive functions tests.

Table 9. Oblique Rotation of Two Factor Solution for the Neuropsychological Tests
Component

1

2

Line Orientation

.846

-.460

Block Design

.810

Rey Complex Figure

-.769

Trail Making Test B

-.706

Visual Form Discrimination

-.697

Picture Arrangement

.693

Digit Symbol

.659

Wisconson Card Sort

.601

Trail Making Test A

-.575

R A V L T recognition

-.325

.374

-.377
.753
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The rotated solution, shown in Table 9 revealed the presence of complex loadings on
both components. However, most tests loaded higher on component 1 with the
exception of RAVLT recognition trial, which loaded only on component 2. This gave a
clearer delineation between the two components. The main distinguishing feature
between component 1 and 2 seemed to be that component 2 involved memory functions,
as represented by RAVLT recognition trial. Examination of component 1 showed high

loadings by most tests, indicating that most of neuropsychological tests in this battery
were measuring aspects of the same construct. However, the validity of the separation

of neuropsychological tests into executive function tests and general cognitive functio
tests was not supported by the factor structure, and it was considered that further
exploration of hypothesis two was not appropriate.

6.1.4 Summary of Results on Neuropsychological Tests Predicting Driving
Outcome
Overall, most of the neuropsychological tests were found to have a significant

relationship with the driving test outcomes. The direction of the relationships indicate
that the poorer performance on these tests was associated with a higher number of total

interventions given and failure at the on-road driving test. Two exceptions to this were
VFD and WCST. VFD was not significantly related to the total number of interventions

given at the on-road driving test, whereas WCST was not related to the pass/fail driving
criterion.
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The neuropsychological test battery as a whole accounted for a small but significant

amount of variance in the total number of interventions during the on-road driving test.
None of the neuropsychological tests could individually predict the criterion measures
total number of interventions or pass/fail on-road in the regression analyses.

The separation of the tests into tests of executive function tests and other cognitive
function tests was not supported by the factor structure. All neuropsychological tests,
with the exception of RAVLT recognition, loaded on one primary factor.

6.2 Anxiety and Driving Assessment
The following results were based on data from a sub-sample of 35 participants who
completed anxiety measures in the context of the neuropsychological assessment and
the on-road driving assessment.

6.2.1 Anxiety in Cognitively Impaired Subjects Undergoing Assessment

Table 10 indicates participants' scores on the measures of anxiety and compares these t
scores obtained from Taylor's (2002) normal and driving fearful groups.
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Table 10. Comparison of Cognitively Impaired Participants (Current Study) (n = 35) with Taylor's
(2002) Control (n = 50) and Driving Fearful (n = 50) Groups on Driving Anxiety Measures

Current Study

Taylor (2002)

Cognitively Impaired

Control Group

Fearful Group

SD

Mean

SD

Mean

SD

1.46

2.34

0.40*

0.76

6.68*

2.81

29.88

11.09

30.74

8.60

38.92*

14.69

STAI-6 pre-neuro

8.66

2.79

-

-

STAI-6 pre-road

10.91

3.42

9.16

2.94

15.24*

3.47

STAI-6 post-road

11.69

3.31

8.78*

3.32

12.56

3.39

Measures

Driving Anxiety Rating

TAI

Mean

-

-

Note. * mean significantly different to Cognitively Impaired sample at p < .006 (Bonferroni correction),
all 2-tailed tests. T A I = Test Anxiety Inventory, for "current study" TAI-5 was used and scores multiplied
by 5, Taylor (2002) study used the full version of the TAI. STAI-6 = State-Trait Anxiety Inventory-6 item
version.

Independent samples t-tests with a Bonferroni adjustment for 8 comparisons (p = .006,
all 2-tailed tests) were used to determine whether the current sample was significantly
different from the samples used in Taylor's study. The results indicated that the
cognitively impaired participants in the present study were significantly more anxious
about driving in general than Taylor's non-fearful control sample, t(83) = 2.99, p < .004
and significantly less anxious about driving in general than Taylor's driving fearful
sample, t(83) = -9.01, p < .001. They had lower levels of test anxiety than the driving
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fearful sample, t(83) = -3.08, p < .003 and also had lower levels of pre-road assessment
anxiety on the STAI compared to Taylor's driving fearful sample, t(83) = -5.70, p <
.001. However, their post-road anxiety on the STAI was similar to the driving fearful
sample and significantly higher than the control sample, t(83) = 3.98, p < .001. Thus,
the comparisons suggest the cognitively impaired sample had lower driving related
anxiety than a driving fearful sample before the on-road assessment, but their levels of
anxiety were significantly higher than a non-fearful control after the on-road assessment
and more consistent with participants who experience driving fearfulness.

6.2.2 Anxiety Across Assessment Conditions.
The STAI-6 measures were taken prior to the neuropsychological assessment (preneuro), prior to the on-road assessment (approximately 2 weeks later; pre-road) and
again immediately following the on-road assessment (post-road). To investigate
differences in levels of anxiety across the various measurement times, repeated
measures ANOVA was conducted. The results indicated a significant effect (Wilk's
Lambda = .48, F(2, 33) = 17.79, p < .005). To identify where significant differences
occurred, three paired t-tests were conducted between the measures of the STAI-6. A
Bonferroni adjustment was made to the p-value (p < .02) and 2-tailed tests were used to
reduce the risk of Type-I error. Participants were significantly less anxious prior to
performing their neuropsychological assessment than at either pre-road, t (34) = 4.27; p
< .000, or post-road testing, t (34) = 6.02; p <. 000. There was no significant difference
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between state-anxiety measured before the on-road driving test and after the on-road test
(p > .05).

To compare the relationships between anxiety level and actual driving performanc

both parametric and non-parametric correlations were conducted, as shown in Tabl

Table 11. Correlations Between Anxiety Measures and Driving Performance

Pre-neuro
STAI-6

Total
interventions
On Road
Pass/FailA

Pre-Road
STAI-6

Post-road
STAI-6

TAI-5

-.07

-.29*

-.10

-.12

.25

-.09

.09

.09

Note. TAI-5 = Test Anxiety Inventory-5 item version, S T A I = State-Trait Inventory-6 item version. * p <
0.05 (1 - tailed). A Spearman's rho correlations were used for these categorical variables.

A significant correlation was found between pre-road anxiety and the total numbe

interventions given by the Occupational Therapist, with higher levels of anxiety

associated with fewer number of total interventions. The remaining anxiety measu
were not significantly associated with driving performance.

Parametric and non-parametric correlations conducted to examine the relationship

between the participants', occupational therapists', and the driving instructor'

of anxiety and driving performance measures showed similar results. Pearson's pr
moment correlation analysis is shown in Table 12, except in conditions in which
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categorical variables were used. Spearman rho's correlation analysis is s h o w n for
categorical variables.

Table 12. Correlations Between Participants' Post-road Ratings and O T and Driving Instructor
Ratings

Participants' Post-road Ratings

O T and Instructor
Ratings

General anxiety Driving skills Typical driving
performance

On-road pass/failA

.12

Total interventions

-.22

O/T post-road driving
skills assessment
O/T post-road rating of A
anxiety on performance
Driving Instructors'
post-road
driving skills rating
Driving instructors'
Post-road
rating of anxiety
affecting performance*

Anxiety affecting
performance*

.21

.13

-.06

.47**

.36*

-.02

.10

.23

.08

.05

-.32*

-.12

-.02

.33*

.03

.21

.13

-.03

-.11

.04

.05

.21

Note. * p < . 0 5 , * * p < . 0 1
General anxiety rating ranged from 0 = not at all anxious to 10 = highly anxious. Driving skills ratings
ranged from 1 = very good to 7 = very poor. Typical driving performance ratings ranged from 1 = much
better to 7 = m u c h worse. Anxiety affects performance used a 'Yes/No' response format.
A
Spearman's rho correlations were used for these categorical variables.

The participants' rating of their general anxiety level after the driving test w a s
significantly correlated with the occupational therapists' evaluation of whether anxiety
had affected their driving performance. The direction of the correlation indicated that
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the more anxious the participants rated themselves after the on-road driving test, the
more likely the occupational therapists were to rate that anxiety had affected their

driving performance. The participants' rating of their anxiety level after the driving tes
was not significantly related to any other of the measures of on-road performance.

The participants' post-road ratings of their driving skills were significantly correlated
with the total number of interventions. Furthermore, their post-road ratings of their
driving skills were also significantly correlated with their post-road ratings of typical
driving performance (not shown in table, r = .44, p < .01 [1-tailed]). In other words the
more frequent the number of interventions and prompts given by the occupational
therapist (i.e., the total number of interventions), the poorer were the post-road ratings
by the participants of their driving skills during the on-road assessment. The poorer the
ratings they gave themselves regarding their driving skills during the on-road
assessment, the more likely it was that they rated their performance as worse than their
normal driving behaviour.

The occupational therapists' rating of whether anxiety had affected subjects' driving
performance (Yes/No) also significantly correlated with participants' STAI-6 pre-neuro
(r = -.47, p < .01[l-tailed]) and STAI-6 pre-road (r = -.33, p < .05 [1-tailed]). The

direction of the correlation indicated that the higher the pre-neuro and pre-road anxiety,
the more likely were the occupational therapists' endorsement of anxiety affecting
driving performance. There was no significant correlation between the subjects' rating

of whether anxiety had affected their performance and their o w n anxiety rating on
STAI-6 at pre-neuro and pre-road (p > .05).
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CHAPTER SEVEN

DISCUSSION

7.1 Introduction
There were several aims to the study. The first was to explore the validity of a
neuropsychological test battery used to assess driving competence in cognitively
impaired patients within a Rehabilitation and Brain Injury Service in NSW, Australia.
Evidence for validity of this as a method of assessing on-road driving outcomes would
be confirmed if the neuropsychological test battery results could predict the total
number of interventions and the pass/fail rates of the on-road driving test. Establishing a
valid neuropsychological test battery could represent the first step toward
standardisation of driving assessment for those with cognitive impairment in the state of
New South Wales.

Mixed results were obtained for the relationship between neuropsychological tests and
driving behaviour in past studies. This has been in part attributed to lack of clarity of
the specific cognitive domains involved in driving. Some authors argued that the
contribution of executive functions to driving behaviour has not been sufficiently
explored, thus accounting for the wide variance in results. To examine this issue, the
present study attempted to investigate the specific contribution of tests of executive
functions in the neuropsychological test battery in predicting on-road driving
performance.
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It has been argued that anxiety can affect driving performance. Numerous studies have
demonstrated adverse results of anxiety on performance. In an increasingly litigious
society, the effect of anxiety on driving assessment performance within the cognitively
impaired population needed to be explored. As such, this was a further aim of the
study.

The choice of outcome measures used can have strong implications for the results
obtained. To be able to interpret the results of this study in proper context, the two
outcome measures used in this study are first discussed and clarified.

The total number of interventions and Pass/Fail classification whilst related, constitute
different aspects of driving outcome in the context of the on-road assessment. At
present, it is assumed that they measure the competence to drive. Like many on road
driving test measures, this assumption, although it has face validity, is yet to be
validated. Validation of on-road driving measures can be done in future by follow-up
studies on subsequent driving behaviour involving assessment outcomes such as
accident rates. Studies are also needed to investigate the relative importance of each
measure to safe driving behaviour.

In this study, the decision to continue or withdraw one's driving licence is based on the
Pass/Fail measure rather than the total number of interventions. As such, and for the
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purpose of this study, Pass/Fail is seen as the more important outcome measure of the
two.

7.2 Neuropsychological Tests and Driving Outcome Measures
The results of both Pearson's product moment and Spearman's rho correlation analyses
showed significant relationships between most neuropsychological tests used in this
study and on-road driving performance. Block Design, Digit Symbol, Judgement of
Line Orientation, Picture Arrangement, Rey Auditory Verbal Learning Test Recognition trial, Rey-Osterreith Complex Figure Test, and Trail Making Test A and B
were related to both the total number of interventions given during the on-road driving
test, and the pass/fail driving outcome. Therefore, the cognitive domains shown to be
related to driving behaviour were attention, scanning and tracking, visuospatial
organisation, planning, problem-solving and construction, visual reasoning and
sequencing, information processing speed, psychomotor performance, multiple
conceptual tracking and shifting of attention. The cognitive domains shown to be

related to driving in this study were consistent with those generally cited in the literatu
on this area (e.g., Colsher & Wallace, 1993; Shinar, 1993; Engum et al., 1988; Fox et
al, 1992)).

With respect to the Pass/Fail outcome measure, the test that had the strongest correlation
with passing the on-road driving test was Block Design, followed by Rey-Osterreith
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Complex Figure Test, Digit Symbol, Picture Arrangement, Trail Making Test B, Trail
Making Test A, Judgement of Line Orientation, Visual Form Discrimination, and Rey
Auditory Verbal Learning Test Recognition trial (in descending order of magnitude).
Pass/Fail of on-road test was dependent on the severity of the interventions
administered. The results suggested visual organisation and planning, visual
constructive and problem-solving skills, and psychomotor skills (measured by both
Block Design and Rey-Osterreith Complex Figure Test) were most strongly associated
with the severity of interventions. In other words, one's ability to dissect, analyse, and
put together a visually complex situation as well as execute a psychomotor response,
was most related to safe driving behaviour. The skills also important were one's ability
to scan and track visual information, and to sustain attention, the ability to put visual
information in logical order, the ability to focus on one stimulus, disengage and switch
focus to another stimulus, the ability to track more than one stimulus at the same time,
one's ability to visually discriminate and judge angular relations, and the ability to
recognise visual information and attend to visual details. Last of all, learning and
memory also played a significant role.

Analyses of the data on the neuropsychological tests provide interesting information. Of
particular interest was the performance of RAVLT, which was originally included in the
neuropsychological battery to examine driver's ability to learn. The RAVLT was to
assist the occupational therapist's assessment of driver's potential to learn from
feedback. The most relevant subtest to give this information was expected to be the
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R A V L T trial 5 - trial 1. However, of all the R A V L T subtests, the R A V L T recognition
trial has the highest correlations with both the total number of interventions and
pass/fail of on-road driving outcome measures. This suggests that it may show most

promise for capturing the ability to learn in the context of licensing re-assessment of
cognitively impaired. The next strongest measure within this test was the RAVLT recall

trial which was given immediately after trial 5. It was significantly correlated with t
total number of interventions given at the on-road test but not the pass/fail outcome

measure. Of significance was the lack of a relationship between the learning trials (tr
5 - trail 1) and both of the driving outcome measures, suggesting the ability to learn
not associated with driving outcome at least as assessed by this measure. However, on
closer examination, the RAVLT recognition measured the number of words encoded,

therefore learned, and this was strongly associated with both driving outcome measures.

Therefore, despite the lack of association between RAVLT trial 5 - trial 1 with driving
outcomes, RAVLT recognition in fact confirmed that one's ability to learn as essential
to safe driving behaviour. On hindsight, RAVLT trial 5 - trial 1 might have measured

the ability to retrieve rather than to learn. Taken together, the results suggested tha

one's ability to encode, or learn, was significant in the competence to drive in this s
One's ability to retrieve information, appeared to be of a lesser significance.

Unlike other tests in the battery, both Visual Form Discrimination Test (VFD) and
Wisconsin Card Sorting Test (WCST) were significantly correlated with only one of the
driving test outcome measures. The VFD was significantly related to the Pass/Fail of
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on-road driving test whereas the W C S T was significantly related to the total number of
interventions given at the on-road driving test. As the Pass/Fail outcome measure
determined whether the driver's licence was continued or withdrawn, the results for the
VFD suggested that visual recognition and attention to details are important in safe
driving behaviour.

The results for the WCST are more difficult to explain. The indication from this study
was that the WCST was sufficiently sensitive to be related to the numbers of
interventions given at the on-road driving test, but not to the severity of interventions
that would determine Pass/Fail of driving outcome (p. 77). As the WCST measures the
ability to form abstract concepts, to shift between these concepts and maintain set (see
below), and to utilise feedback, the results suggest that these abilities are relatively

weakly related to behaviours seen as essential by this study for safe driving. Although i
can be considered that the ability to develop abstract concepts as measured by the
WCST may be unrelated and or unessential to the competence to drive, it is much more

difficult to accept that cognitive flexibility, the ability to maintain set, and the abil

utilise feedback as unrelated to driving. Cognitive flexibility represents the ability to
shift focus from one target to the next, or from automatic response to spontaneous
behaviour, and it has already been shown to be related to safe driving behaviour in this
study by the results of Trail Making Test B. The ability to maintain set represents the
ability to remain on target over time, which is essential for driving. The utilisation of
feedback was one of the critical criterions employed by the occupational therapists to
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pass or fail drivers. Thus, the results m a y appear to suggest that the task specific
components of this on the WCST were not sufficiently close in form to adequately
captive these aspects in the on-road driving test. However, the anomaly in results may
in fact be in the measures selected to represent performance on the WCST. The number
of categories completed was selected to represent performance on the WSCT in this
study. A closer analysis of this measure showed that it was dependent not only on
cognitive flexibility but also on the ability to develop abstract concepts. As such, the
results might have been confounded. Perhaps the use of perseveration error rates would

have been a better measure of cognitive flexibility, as this would reduce the influence o
abstract concept formation as a confounding factor. This suggestion is supported by
findings of Daigneault et al., (2002). They found that the total number of categories
completed for the WCST did not distinguish between groups with or without a history
of motor vehicle accidents. However, the perseveration errors of the WCST
significantly distinguished between the two groups. The perseveration errors can also
give an indication as to how well one can utilise feedback to change focus.

Other measures of the WSCT may also be useful for examining driving behaviour. For
example, one's ability to remain goal-directed or on target in driving can be examined

through the scores for failure to maintain set. The ability to utilise feedback to change
driving behaviour can be examined through the scores for learning to learn. Future

research on driving using scores of percent perseveration error, failure to maintain set,
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and learning to learn m a y clarify the usefulness of the W S C T as a neuropsychological
test instrument in the context of driving re-assessment for the cognitively impaired.

7.3 Neuropsychological Tests Predicting the Driving Outcome Measures
This study showed that the results of neuropsychological tests accounted for 18% of the
variance of the total number of interventions given at the on-road driving test. Although
significant, the results indicated a large amount of variance for this outcome measure
not explained by the neuropsychological test battery.

The neuropsychological test battery appears to be better at predicting pass/fail of the onroad driving test, with both the statistical and clinical model showing similar results of
approximate correct classifications of 74% of drivers according to Pass/Fail driving
outcome criterion. The statistical model showed 73% specificity and 76.9% sensitivity,
which were similar to those indicated by the clinical model: 75.5% specificity and
73.3% sensitivity. The results also showed that the neuropsychological test battery has a
similar ability to correctly classify either those who would pass or fail the on-road
driving test. Overall, a significant proportion of variance of the Pass/Fail driving
outcome criterion was explained by the neuropsychological test battery.

As 25% to 27% of those predicted to pass actually failed the on-road driving test, and
23% to 27% of those predicted to fail actually passed, improvement to the specificity or
sensitivity of the neuropsychological test battery is suggested. Varying the cut-off
criteria for pass/fail of each test, alteration of the Pass/Fail criterion of the
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neuropsychological assessment, or inclusions of additional tests that would measure
aspects of driving behaviour not measured in the present test battery are some methods
that can improve specificity or sensitivity.

Although further improvement can be made to increase the predictability of the test
battery, the significant percentage of correct classification for Pass/Fail of on-road
outcome measure suggest that to a large degree, the neuropsychological test battery
measured what the occupational therapists regarded as necessary skills for the
competence to drive. As such, the neuropsychological test battery used at the Port
Kembla Rehabilitation Unit and JJBIS is useful in giving an indication of how well
participants may perform at on-road driving test. Further streamlining of the battery can
be made by eliminating Digit Symbol Substitute test from the test battery due to its high
correlation with Trail Making Test B.

The amount of variance from the two driving outcome measures explained by this
battery of tests is of interest. Two explanations could be given for the lower percentage
of variance obtained for the total number of interventions. First, the neuropsychological
tests used may not have the sensitivity needed to predict the total number of
interventions (how well one drives). Hence, additional research needs to be conducted
to investigate the factors involved in determining the number of interventions given to a
driver, and whether these factors are related to cognitive domains that can be measured
by neuropsychological tests. Psychological tests that are found to measure these
domains should then be included in the battery of tests. Second, the composition of the
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total number of interventions varied from less severe interventions, such as prompts to
stay in lane or to indicate at roundabouts, to more severe interventions, such as
emergency braking or warnings regarding changing lanes without checking blind spots.
Such variability in severity of interventions might have confounded the results. As the
more severe interventions rather than the less severe interventions formed part of the
pass/fail criterion, and the fact that the battery of neuropsychological tests was more
successful in classification of pass/fail rates than the total number of interventions,
possible that the results showed that the neuropsychological tests were not good at
predicting interventions of lesser severity (total number of interventions) but good at
predicting interventions of a more severe nature.

7.4 Individual Tests Predicting Driving Outcome
Most studies that have found a significant relationship between individual
neuropsychological tests and driving outcome measures have based their conclusions on

correlation analyses (e.g., Fitten et el., 1995; Hunt et al., 1993; Odenheimer et al., 1

& Sivak et al., 1981). Indeed, the correlation analyses of this study showed a significan
relationship between most of the neuropsycholgical tests given and driving outcome
measures. However, when multiple regression analysis and logistic regression analysis
were conducted between these tests and driving outcome measures, only one
neuropsychological test (RCF) could predict one of the driving outcome measures

(Pass/Fail) used in this study. Despite this, the amount of variance explained by this t

(as indicated by the odds ratio) was small. Significant prediction of the driving outcome
measures only occurred when results from several tests were combined
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(neuropsychological test battery as a whole). Hence, the results seem to support the
importance of examining a battery of neuropsychological tests over individual tests in
the examination of driving behaviour, as the former is probably a better representation
of driving as a complex, dynamic process involving the functions of several domains
that may be interconnected.

7.5 Executive Functions Tests Predicting Driving Outcome
Despite strong theoretical basis in the literature for the involvement of the executive
functions in the management of novel, non-routine, and complex situations, which are
frequently encountered in driving, this study was unable to clearly discriminate
executive function tests from general cognitive tests within the test battery. Principal
components factor analysis was unable to identify separate components that

corresponded to general cognitive tests and executive tests. This is of interest given the
tests most strongly correlated with Pass/Fail outcome measure were considered
independently by two Clinical Psychologists to measure executive functions. These tests
were BD, RCF, PA, and TMT B. Several explanations are possible:
1. Inappropriate methods of scoring - according to Lezak (1995), executive functions
can be distinguished by asking how or whether a person goes about doing
something, whereas general cognitive functions can be identified by asking what or
how much. In two out of the five tests considered to be tests of executive functions
in this study (PA and BD), the traditional method of scoring designed to measure
general cognitive ability was used (per WAIS-R manual). This gave a quantitative
rather than a qualitative measure, therefore, favouring a measure of general
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cognitive than executive ability. According to Lezak (1995), observations on h o w
one approaches, plans, executes and completes a task can give vital information on
executive functioning. For BD, she suggested that the highest level of
conceptualisation occurs when individuals form a gestalt, or a unified concept, of
the design before putting together the blocks. The next level is of trial and error
executed in a methodological manner, followed by trial and error performed at
random. Scoring on strategies used by participants may provide a better measure of
the executive functions. Similarly, scoring in a way resembling Osterreith's (1944)
classification of levels of organisation for the RCF, may be more appropriate as it
would categorise the methods used to carry out tasks from the more efficient and
frequently employed, to the least efficient and least employed. For PA, requesting
that the examinee tells a story of the arrangement produced may provide more
qualitative information needed to examine executive abilities than its present
method of scoring.

On a similar level, the scoring method used for RCF in this study may mostly reflect
the copying ability of the participants. Focus and evaluation of the strategies used to
copy the complex figure can instead provide more information on the executive
functions. Scoring using Osterrieth's (1944) classification of strategies used for the
RCF may reflect more accurately the planning aspects of the executive functions.

For TMT B, the inclusions of errors committed in the calculation of the final score
may enable more information on conceptual shift, cognitive flexibility, and double
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tracking aspects of the executive functions. Improvement to measures of the W C S T
to reflect cognitive flexibility needed in driving has been discussed previously in
this section.

Delis, Kaplan and Kramer (2001) have argued that the use of a single score by most
executive function tests artificially reduce a complex and multifactorial domain of
cognition into a single index, hence masking the multifactorial nature of cognitive
functions that are required for successful performance on that test. They have
recently designed a compendium of executive function tests with separate scores
that are not collapsed into a single index, thereby giving a more comprehensive and
detailed picture of strengths and deficits of the various dimensions that constitute the
"executive functions". The compendium of tests were unavailable at the time the
current data was collected. Hence the lack of ability by this study to distinguish
between general cognitive and executive functions may also be the artefact of the
single score method of calculation of tests results.

2. Limitations of formal testing - according to Raskin and Mateer (2000), many
authors have described difficulties in assessing executive functions using
standardised neuropsychological tests and in formal test situations. To adequately
assess the executive functions, tasks reflecting multiple demands (Shallice &
Burgess, 1991; Goldstein et al., 1993), or unstructured tasks that require the
participants to demonstrate their volition, planning abilities, purposeful behaviour,
and effective performance (Lezak, 1995) are needed. However, in a typical
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neuropsychological test, participants are presented with a single, structured, well
defined problem to be solved, and often with prompts from the examiner. This
leaves very little room for the operation of the executive functions. According to
Lezak, "only a limited number of established examination techniques give the
subject leeway to think of and choose alternatives as needed to demonstrate the
main components of executive behaviour" (pp. 651). Furthermore, formal test
situations, like laboratory tests, may not provide the complexities needed that would
accurately reflect the multiple demands of real-life situations. The results of this
study may reflect the limitations of examining executive functions in a formal test
environment.

3. Inadequacy of the range of tests used in this study to examine executive functions.
Although the battery used in the present study contained some tests of executive
functions, it was not designed to comprehensively measure all aspects of the
executive functions. In addition, since the selection of the test battery, other tests
have been recognised as better measures, or have been developed specifically to
measure particular aspects of the executive functions. As mentioned previously,
Delis, Kramer and Kaplan (2001) have developed a compendium of tests (D- KEFS)
that purports to evaluate elements that constitute the executive functions. It may
well be that tests used in the present study to measure executive functions were
inadequate for representing the scope of higher cognitive functionings, or
insufficient in complexities or demands to fully represent the executive abilities. The
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use of measures such as D - K E F m a y improve the capacity of the present test battery
to measure such higher level cognitive functionings.

Although some authors contemplated the validity of replacing on-road driving tests with
neuropsychological assessment, especially in cases where all the neuropsychological
tests are passed (e.g., Engum et al., 1988; Withaar et al., 2000), most have concluded
that an on-road driving test is essential for re-licensing as neuropsychological tests

not achieved a level of sensitivity and specificity that can completely replace an on-r

driving test. Indeed, the neuropsychological test battery in this present study could on
achieve a maximum of 75.5% specificity and 76.9% sensitivity. However, before a
conclusion can be drawn to use on-road driving tests as the final measure of driving
competence, the validity of on-road outcome measures is yet to be confirmed by further
research. At present, it is assumed that criterion used for Pass/Fail of on-road driving

test are related to safe driving. Follow-up studies investigating the relationship betw
at-fault accident rates or traffic violation rates with neuropsychological assessment
outcome and on-road driving test outcome will provide a clearer picture of the validity
of the different measures. As it stands, one possible explanation of the differences
between results obtained by the neuropsychological assessments and on-road driving
tests can be that the neuropsychological assessment is measuring some aspects of the
competence to drive not measured by on-road driving tests. Further research will clarify
this issue.

7.6 Anxiety a n d Driving Assessment
The second part of this study focused on exploring the effects of anxiety on driving
performance in a sample of individuals undergoing driving reassessment following
acquired cognitive impairment. Overall, the results suggested that higher levels of
anxiety prior to the on-road driving test are positively related to on-road driving
performance in that participants who were more anxious made fewer mistakes. In
general, these results do not support Strohbeck-Kuhner's (1999) findings that
anxiety is the consequence of driving performance rather than the cause. Instead,
they support findings that some degree of anxiety is beneficial to performance. This
is also consistent with the curvilinear relationship between anxiety and performance
as first described by Yerkes-Dobson (1908), in that some level of anxiety increases
performance but substantially high levels of anxiety decreases performance.
Participants who rated themselves high on state-anxiety immediately prior to
undertaking the on-road driving assessment made fewer mistakes at their on-road
driving test.

Consistent with the above explanation, it is possible that anxiety interacts differently
with individuals with different levels of trait-anxiety. Prior studies have found
performance by high trait-anxiety individuals is more adversely affected by anxiety
than individuals with low trait anxiety (e.g., Butki, 1994; Eysenck & Byrne, 1992;
Britt & Blumenthal, 1993). The results from the present study may in part be due to
the characteristics of this cognitively impaired sample, which were more similar to
Taylor's non-fearful than fearful group. In other words, participants in this study
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appeared to be relatively low in trait-anxiety. Thus, they were less likely to
experience high levels of state anxiety related to the potentially stressful task of onroad driving assessment.

Other variables such as response styles or like of driving might also provide
explanations for the results found in this study. Mathew (1998) suggested a
complex relationship between performance and stress response style of a person,
his/her driving behaviour, and stress level. Highly anxious individuals who have a
dislike for driving may perform poorly under stress. However, this may be mitigated
by their response style to stress. Often, low-risk takers, despite their level of
anxiety, are able to compensate for their decrease in performance under stress by
adopting a more cautious behaviour in driving. As such, anxiety affecting
performance negatively may be off-set by a compensatory stress response style that
leads to normal or better-than-normal performance. Given that our sample
consisted mostly of older people who are often seen as low risk-takers (compared
with a younger population), it may also be that an increase in anxiety over the test
situation elicited more cautious responses to the driving tasks, thereby enhancing
their performance by making fewer mistakes. These hypotheses are for future
research to test.
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O n another level, the results of this study also have significance for clinical practice
that may be vulnerable to legal challenge. Given the emotional and practical impact
of loss of driving license, a potential threat of legal challenge exists. Claims of
other confounding variables such as anxiety affecting the outcome of driving
performance are not uncommon. Results from the study by Strohbeck-Kuhner
(1999) and from this study are significant in that neither support the idea that
anxiety necessarily negatively influences performance. In fact, the results suggest
that anxiety may have a facilitative effect in cognitive impaired samples such as in
the present study.

It is also notable that participants rated their state anxiety significantly lower just
before neuropsychological testing than before or after on-road test. This may
suggest that the neuropsychological assessment was seen as less important to the relicensing outcome. Participants likely had varying levels of awareness regarding
the relative importance of both the neuropsychological and the on-road driving test
in the re-licensing process.

Participants' post-road evaluation of whether they believed anxiety had affected
their performance was not related to their pre-road ratings, driving outcome
measures, the participants' evaluation of their driving performance, or their
evaluation of whether their performance at the on-road driving was typical of their
normal driving behaviour. A significant relationship was found between the
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participants' post-road ratings of anxiety affecting performance and their post-road
STAI-6 scores. Taken together, the results suggest perceptions of anxiety affecting
performance seem unrelated to more objective measures of performance and
appears related to how anxious the person felt after the on-road test. This is
different to Strohbeck-Kuhner's sample, for whom the significantly elevated postroad anxiety levels were positively correlated with driving test outcome.

Correlations suggested that participants may have based their post-road ratings of
their driving performance on the number of interventions received during the onroad driving test. It seems that the higher the numbers of interventions given by the
occupational therapists, the poorer were the participants' own post-road ratings of
their driving performance. Consistent with this, the poorer they rated post-road
driving performance, the higher were their claims that their on-road driving
behaviour was not representative of their normal driving behaviour.

7.7 Limitations of the Present Study
There are several limitations to the present study. One of the limitations was the
availability of neuropsychological assessment results to the occupational therapists
prior to on-road driving test. This was done to ensure safety of the occupants of the
vehicles, as all drivers, regardless of the outcome of their neuropsychological
assessment, had to proceed onto on-road driving test for the purpose of this study.
The knowledge of the neuropsychological assessment was to assist the occupational
therapists in assessing the necessity of first using a modified (safer) route. However,
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such knowledge could have biased assessments m a d e by the occupational therapists.
The level of concordance between the neuropsychological and on-road test results
might have been an artefact of such a bias. On the other hand, withholding the
neuropsychological assessment results from the occupational therapists to reduce
the confounding factor would create an ethical dilemma in which the safety of the
occupants of the test vehicle could be compromised. In an applied setting, these
dilemmas are difficult to overcome.

As noted on p. 77, the failure of on-road driving test was based on the following
behaviours of the drivers: the lack of ability to make corrections after having
received feedback, a lack of insight into poor driving behaviours, observations made
of poor impulse control, dangerous manoeuvres such as a failure to stop at a 'Stop'
sign or to check a 'blind spot', or of disorientation and mental confusion. As such,
Pass/Fail was dependent on the seriousness of the intervention given. Considerable
judgement is required in assessing "lack of insight", "poor impulse control",
"disorientation" or "mental confusion". No further operational definition or
specification of these terms was provided, yet these were the factors that were
considered when making judgements about the seriousness of the interventions.
Furthermore, discussions with the occupational therapists revealed that judgement
on the seriousness of the interventions could, at times, be highly complex and
dependent on contextual factors. Therefore, rigid definitions or criteria for
classifying the severity of interventions was often not suitable or considered
desirable. For example, a driver who had made no other mistakes than failing to
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stop adequately at a "Stop" sign in the context of very light traffic m a y be judged
quite differently to a driver who had made many mistakes, one of which was a
failure to stop at a "Stop" sign in the context of heavy traffic. Similarly, a driver
who had made many mistakes but could correct from feedback could be judged
quite differently to one who had made a similar number of mistakes but could not
correct from feedback. As driving is a highly complex behaviour involving a
continual dynamic interchange between the driver and his driving environment, it is
difficult to reduce an evaluation to a unidimensional measurement. Many factors are
involved on different levels of which some may only be evaluated within the
context from which they had arisen. As such, it may be extremely difficult to apply
the stringent criterion required by scientific research to this outcome measure, and
obtain results that can be regarded as rigorously controlled. However, a good start
for trying to better understand this process might involve an independent observer
(researcher) rating various contextual components associated with these
interventions and severity as judged by the occupational therapists. In addition, on
board video and review of incidents and interventions with the occupational
therapists may help more fully elaborate on the basis of these complex judgements.

Traffic density was another factor that could not be controlled despite the use of a
standardised route. The assessment of how well individuals drove depended on the
participant's response to his driving environment. The driving environment could
have varied in complexity from driver to driver due to the continual changes in
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traffic density. Limitations such as this are difficult to overcome in applied research
where control is traded off for ecological validity.

As stated before, on-road driving outcome measures have yet to be validated to
measure the competence to drive. At present, this relationship is only assumed. For
further conclusions to be drawn regarding the relationship between
neuropsychological assessment and on-road driving tests, follow-up studies are
needed to examine the subsequent driving record of those who have been assessed.

7.8 Recommendations for the Neuropsychological Assessment Battery
In general, the neuropsychological assessment results may have additional benefits
in the rehabilitation process beyond just assessment of driving capacity. For
example, these results can be used for the development of compensatory strategies
to be used by individuals with areas of cognitive deficit shown by the tests. The
wider application of the neuropsychological assessment results provides a better
utilisation of resources and increases its usefulness.

With respect to individual tests, the RAVLT recognition trial, instead of the
RAVLT trial 5 - 1, was shown to be related to driving outcomes. Therefore, it may
be appropriate to substitute RAVLT trial 5-1 with RAVLT recognition trial for the
scoring of the neuropsychological assessment. As the Digit Symbol Substitution test
is highly correlated to Trail Making B and both appeared to be measuring similar
functions, the former can be excluded from the battery of neuropsychological tests.
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Prior to c o m m e n c e m e n t of this study, failure of the neuropsychological assessment
had meant the automatic cancellation of the driver's licence. Given the results of
this study which indicated 74% correct classification of on-road results by the
neuropsychological assessment, and the need for further studies to validate the onroad driving measures, it is recommended that the safest choice at present would be
to use both assessment procedures. The results of the neuropsychological
assessment can be used to assist the occupational therapists in choosing the
procedure for the on-road driving test. For example, borderline passes or failures at
neuropsychological assessment may indicate a need to use a modified route before
the more demanding standardised route is attempted. This would be to ensure safety
of the occupants of the test vehicle.

On the other hand, the cut-off criteria for the neuropsychological assessment can be

varied to increase its specificity or sensitivity. For example, if the cut-off criteria
individual neuropsychological tests are set at a more conservative level for "pass"
(such as mean score of age 50-55 instead of 70-74 for DS, BD and PA), specificity
may be increased to approximate 100%. If specificity of 100% can be reached
where individuals predicted by the neuropsychological assessment to pass the onroad driving test will pass, then the on-road driving test can possibly be eliminated
for these participants. The process can be made safer by additional verification of
the participant's competence to drive from interviews with relatives. This procedure
will result in savings associated with conducting on-road driving tests. Conversely,

the sensitivity of the neuropsychological test battery can also be increased so that al

those w h o are predicted to fail will fail the on-road driving test. If sensitivity of
100% can be reached, then those who failed the neuropsychological assessment may
not need to proceed onto on-road driving test, especially if this is combined with
verification from relatives of the participant's competence to drive.

As on-road driving tests are limited in time span, the neuropsychological assessment
can also provide areas of deficits that the occupational therapists can specifically
focus on during testing.

7.9 Conclusions
Owing to the lack of standardised assessment protocol for the purpose of relicensing individuals with cognitive impairment in the state of New South Wales,
and the lack of validation of existing assessment procedures currently in use, this
study was in part designed to test the validity of a battery of neuropsychological
tests employed by Port Kembla Rehabilitation Team and IBIS for such purposes. It
was proposed that, if found to be valid, this could lead toward the development of a
standardised procedure that could be used across the state as part of a
multidisciplinary approach to driving assessment for those with cognitive
impairment. In addition to this aim, this study also aimed to explore the role of
executive functions in driving behaviour, and the influence of anxiety on driving
performance.
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Several hypotheses were supported. M o s t of the tests in the neuropsychological test
battery were found to have significant bivariate relationships with the driving
outcome measures. The test battery was able to achieve a significant percentage of
correct classification of pass/fail of on-road driving test. A small but significant
amount of variance in the total number of interventions of on-road driving test was
also predicted by the test battery. As such, the use of this battery of
neuropsychological tests to assess driving performance is useful for individuals with
cognitive impairment. However, in order to make additional conclusions, further
follow-up studies to validate the on-road driving outcome measures are first needed.

Contrary to predictions, this study was unable to distinguish between executive
function tests and other cognitive function tests in a factor analysis. Therefore, the
role of executive functions in predicting driving performance could not be fully
investigated. Suggestions for future research included improvements in the scoring
of both general cognitive and executive function tests, inclusion of D-KEF in the
test battery to examine the contribution of executive functions to driving behaviour,
and validation of on-road driving test by follow-up studies of subsequent traffic
violations or at-fault accident rates.

The prediction that anxiety is the consequence rather than the cause of poor driving
performance was not confirmed by this study. Instead, the results suggest that
anxiety may have a complex relationship with performance that is not necessarily
linear in nature. In fact, the combined results of this and other studies in the

134

literature strongly suggest a curvilinear relationship m a y be present in the context of
driving. This study has shown that some anxiety can enhance the performance of
cognitively impaired individuals in the context of on-road driving assessment. For
participants in this study fewer mistakes were made as anxiety increased. It may
now be argued that anxiety does not necessarily adversely affect performance and
may enhance performance. The future challenge is to determine the points at which
anxiety may have detrimental effects on performance. The measures used in the
present study suggest that it is feasible to include these brief assessments with
minimal intrusion as part of the procedures of on-road driving tests.

This study represents a step toward standardisation of assessment procedures. The
results of this study have provided some validation for the neuropsychological
assessment battery used at Port Kembla Rehabilitation Service and the Illawarra
Brain Injury Services. As such, it can form the basis from which the process of
standardisation can continue and develop.
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APPENDIX A
VISION SCREEN
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Chief Executive Officer
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VISION S C R E E N
Circle the following as appropriate.
Use of Glasses.
none

reading

distance

at all times.

History of any eye treatment.

Circle the following ifabnormalities/symptoms are present.
i)

Signs:
lids

ii)

cornea

pupils

occular posture

other:.

Symptoms:
blurred vision

double vision

sees flashing lights

has abnormal image

Distance Acuity.

missing/black areas
movement

other;

with/without glasses

right eye.
left eye.
binocular
Peripheral Vision.

(without glasses)

right eye.
left eye.
Binocular E y e Movements. (Do the eyes m o v e equally, smoothly, and accurately?)
Slow: (without glasses)
Fast:(with glasses)

Y/N
Horizontal Y/N

-

Vertical Y/N

Distance
to near

Strabismus
Distance
Near

Comments:

(with glasses)

Y/N

APPPENDIX B
PHYSICAL SCREEN

wawarra Area Health Service
Port Kembla District Hospital

Telephone: (042)'74 0444
Ext: „

P.O. B O X 21,
W A R R A W O N G 25.02

PHYSICAL SCREEN
Score: N.A.D. for unimpaired, / for increased/decreased.
RANGE OF
STRENGTH

MOVEMENT
degree
LEFT

RIGHT

Oxford scale
LEFT

RIGHT

TONE
mild, moderate,
severe
LEFT

RIGHT

PAIN
Scale 1-5
LEFT

RIGHT

Shoulder
flexion
extension
abduction
adduction
Elbow
flexion
extension
Forearm
pronation
supination
Wrist
flexion
extension

pjat
flexion
extension
Opposition
Bilateral srasD
Hip.
flexion
extension
abduction
adduction
Knee
flexion
extension
Ankle
dorsiflexion
plantar
inversion
eversion
Trunk
lateral rotation
lateral flexion
N«k
__ lateral flexion

Comments:
Loss of Body Parts:

—

rnjgwarra Area neaitn Service
w

/•a

Port Kembla District Hospital

Telephone: (042) 74 C4^4
Ext:

P.O.BOX 21,
W A R R A W O N G 250?
PHYSICAL S C R E E N
SENSATION
Tactile location
1) Upper limb
2) Lower limb
Proprioception

Kinesthesia

Upper limb

^

test 1-6.

Lower limb
test 1-3

CO-ORD IN A T I O N

C o m m e n t s such as smoothness, accuracy, speed of m o v e m e n t and performance one;
across the midline should feeincluded.

la. Finger to nose

____

j

lb. Finger to finger
2a. Pronation/Supination

[
.

"

2b. Wrist tapping

_^

3. Opposition
4. Foot tapping

'

BALANCE
Static
Dynamic
Anterior/posterior
Lateral - right/left
Diagonal

Mobility . ' Aids Used
Transfers . Aids. Used

.

.,

5. Foot rotation

MOBTLrrY/TRANS F F R

,

(Level of independence)

•
•

,
..',•<•

• .•••. •'-"---

APPENDIX C
ROAD LAW WRITTEN

ROAD LAW TEST
Circle the most appropriate answer, or write the answer in the spaces provided.
Question 1. What is the speed limit in a street lit area?

(a) 70 km.

.-

—T^E

™ 80 km.

/

t^AMu

ft) 60 km.

[^r

- * — ^

Question 2. What must you do at a stop sign?
* Ca) Y o u must come to a complete stop. Give way to both left and right
and oncoming vehicles.
(b) Slow down, look left and right. If there are no other vehicles,
proceed without stopping.
(c) Y o u must come to a complete stop. Look left, if there are no other
vehicles on the left, proceed.

Question 3. What should you do when a yellow light appears at a set of traffic lights
-a--

• • • •*•=

Question 4. W h e n pulling out from the kerb or changing lanes, you should check
your blind spot What does this mean and where is the blind spot
j m >

i •

'• i

Question 5. A t a roundabout, what is the rule for right of way?
(a) Give way to the vehicles entering from the right(b) Only give way to the vehicle leaving the roundabout
<c> Give way to vehicles already on the roundabout, or on your right
Question 6. When exiting from a roundabout, should you use your left blinker?
(a) N o .
(b) Yes.
(c) Sometimes, depends on the situation and size of the roundabout

Question 7^Wh,cn

fan n

pitHMtfffH'liH li1 travel in a transit lane?

(a) Only when there are two or more passengers.
(b) Only when there is one passenger in the vehicle.
(c) You can travel at any time in a transit lane when the driver is the
only occupant of the vehicle. -

Question 8. What is the speed limit outside a street lit area where there is no sign to
indicate?
(a) 80 km.
fb) 100 km.
(c) 120 km.
v

Question 9. W h a t is the rule regarding pedestrian crossings? Le. W h e n are you
required to give way?
(a) When a pedestrian has started to walk across.
(b) You should stop only if the pedestrian is on your side of the road.
(c) You are required to stop if there are pedestrians either waiting at
either kerb to cross or are on the crossing already walking across it
QuestionlO. What should you do if you have an accident?

Question 11. A heavy vehicle is turning left from the right lane. 11 has a sign on its rear
which states D O N O T O V E R T A K E T U R N I N G V E H I C L E . If you are
in the left lane turning left, what should you do?

3uestionl2. W h e n are you required to dip your head lights?
<a) 200" metres from an on coming vehicle and when you are following
another vehicle.
(b) 150 metres from another vehicle.
(c) 200 metres from an on coming vehicle only.

Question 13. W h e n travelling on a multi-laned highway (i.e. 3 lanes either side of the
road) which lane should you travel in?
(a) Right lane.
(b) Middle lane.
(c) Left lane.

Question 14. H o w many metres from a corner should you use your blinker?
(a) 20 metres.
(0) 30 metres.
.(*) 50 metres.
v

Questionl5. Y o u have been drinking and you feel thatyou are over the alcohol limit to
drive. What can you do to sober up?
(a) Drink coffee.
(b) Take a cold shower.
(c) None of the above. Only time will eliminate alcohol from the body.
Questionl6. At what level of alcohol in the blood system does it become an
drive if you are a fully licenced driver?
(a) .05%
(b) .02%
(c) .08%
Questionl7. What does this sign indicate?
~\

..
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APPENDIX D
ROAD LAW VISUAL

t_J© U.SC¥-% \ of;.

Cumberland Health
& Research Centre
Faculty of Health Sciences
T h e University of Sydney

ROAD LAW SLIDE TEST
Developed by S Caust
Coorabel
NAME:

SCORE:

/48

CLIENT NO:

1.
|

What does this road marking mean?
approaching a pedestrian crossing.

SCORE: 1

2.

W h e n you see this stop sign at a set of traffic lights, when is it to be used and what
procedure should you follow?
when lights are blacked out or flashing.
come to a complete stop.
1 give way to all traffic or
proceed when clear.

SCORE: 3

3.

Y o u are the driver of the dark grey vehicle turning left at the traffic lights. W h e n are
you permitted to turn?
when traffic lights are green.
after you have stopped and there are no vehicles approaching from the right.

SCORE: 2

Cumberland Health
& Research Centre
Faculty of Health Sciences
T h e University of Sydney

4.

Cl

W h a t type of intersection is this?

roundabout.

SCORE: 1
4b. The car in the foreground wishes to enter. When would it be safe to do so?
when two white cars and
dark car onrighthave passed.
when pedestrian is clear.

SCORE: 3

5.

If you are travelling along this street, heading towards the butcher and other shops, what
traffic hazards are apparent which you would need to be aware of?
give w a y sign.
cars entering from rightpedestrian crossing.
left hand lane ends.
traffic island.
traffic lights ahead.
street on left.
pedestrians.

SCORE: 8
6.

If you were a driver in this scene, what potential hazards would you need to be wary of?
pedestrians.
cars pulling out.
white car with indicator, pulling out.
cars stopping.
traffic lights.
blue car in front stopping.

SCORE: 6

3

Cumberland Health
& Research Centre
Faculty of Health Sciences
T h e University of Sydney

7.

If you were the driver of the blue Ford Laser turningrightat the set of traffic lights,
what would you need to be careful of?
bus turning right.
_ 'jjedestrians
I car behind bus.
lights changing to red.

SCORE: 4
The yellow vehicle wishes to go straight ahead at the roundabout. What correct
procedures must he follow?

,

wait until all cars in the roundabout (3 cars) have left roundabout.
enter roundabout when clear on right.
left indicator on for exit.

SCORE: 3

9.

Y o u are travelling in the direction of the Armaguard truck numbered R133 which has
stopped. W h a t can you see happening in this slide, and h o w would you proceed straight
ahead safely?
Armaguard truck is double parked.
Truck on opposite side of road with hazard lights on.
vehicles passing truck on wrong side of road.
wait until oncoming traffic has passed.
indicate your intentions.
proceed with caution around Armaguard truck.

SCORE: 6

Cumberland Health
& Research Centre
Faculty of Health Sciences
T h e University of Sydney

10.

What is wrong in this picture?

| | car has left indicator on but is not permitted to turn.

SCORE: 1

11.

If you are travelling in the left lane what are the signs ahead telling you?
road curves to right.
form 2 lanes.
children crossing.
bus stop.

SCORE:

lib.

What procedure will you need to complete immediately and what action will you take?
form 2 lanes.
mergerightwhen traffic is clear. •
check mirrors.
indicate intentions.
check blindspots.

SCORE: 5
12.

If you were a driver wishing to turnrightat the second set of lights and thenfirstleft,
which of the two lanes should you be in?
left lane (beside taxi).

SCORE: 1

APPENDIX E

VISUAL RECOGNITION SLIDE TES

L35
VISUAL RECOGNITION SLIDE VF.ZT

suctions:
i going to show you a series of 15 slides. Each slide is taken at a
and every slide is taken from the same place at the RAB. There is a
iging number of people and vehicles in each slide.
int you to tell me what you see in each slide. Your answer should
dde 4 pie*ces of information. Firstly identify the object then tell
[here it is located, whether it is on the Left or Right .and the
iction in which it is travelling. These details are required for
i object in the slide.
will have 3 seconds to view each slide. You must give me the answer
tr the slide has been removed from the screen.
! is a trial run. I will show you three slides only and see if you
able to provide the required information for each object.
iw slides 1-3 for 3 seconds and then ask:) What did you see in
i slide? (Continue with slides two and three) .
irder to clarify my instructions I will go back through the trial
les and give you examples of the answers I expect.
le 1
on RAB island

person

on right
_____

walking
towards us

le 2

two people

y

on RAB island

on left

walking away
from us

le 3
•__£_,

person
._/

car

on RAB
island
in RAB

/

on right

on left

•

. •,•••, if

walking
away from
us
right
indicator
on

—

•f"*- *>i~_-

as you can see I have identified the objects themselves, where they
located, whether or not they are on the left or right and the
Action in which they are travelling.
s

..,

C-134
VISUAL RECOGNITION SLIDE TEST
SCORE: f!64
AHE: DATE:

person

on RAB island

on left

stopped

person

on RAB island

on right

person

on back
footpath

on right

walking
left
walking
left

SCORE:

12

on back
footpath
in RAB

on left

stopped

on left

in back
street

on right

right
indicator
on
approaching
RAB

two people

on RAB island

tip of car

in RAB

on
middle/left
on right

walking
right
heading
r ight

two people

on RAB island

on left

sitting

car

in RAB

on right

heading
towards us

person
truck

car
1

SCORE:

12

SCORE: 8

SCORE:

8

-2-

person

on back
footpath
in RAB

truck
car

on left
on right

walking
right
heading
right
entering
RAB

in back
street

on right

person

on RAB island

on left

bike

in RAB

on left

person

on back
footpath
in RAB

on left

two people

on RAB island

on left

sitting

person

on RAB island

on right

walking
towards us

person

on RAB island

on left

person

on RAB Island

on right

bike

in RAB

on right

car

in back
street

on right

about to
step off
RAB
walking
left
heading
towards us
entering
RAB

SCORE 12

car

on right

walking
left
heading
away
walking
right /au^y
heading
towards us

SCORE: 16

SCORE:

SCORE:

8

16

-3-

person

on RAB island

car

in RAB

person

on back
footpath
in back
street

car
SCORE:

on right
on left
on right
on right

walking
away
heading
right /4wt__j
walking
right
approaching
RAB

16

0.

person

on RAB island

on right

person

on RAB island

on left

bike

in RAB

on left

car

in back
street

on right

person

on RAB island

in middle

car

in RAB

on left

person

on back
footpath

on right

SCORE:

walking
left
about to
step off
heading
right 7O.U«UA
approaching
RAB

16

1.

SCORE:

walking
right
right
indicator
on
walking
towards us

12

2.

van

in RAB

on left

bike

in RAB

on right

SCORE:

8

heading
away
riding
towards us

-43.

bike

in RAB

on right

person

on RAB island

on left

person

on RAB island

on left

person

on back
footpath

on right

on RAB island

on right

SCORE:

heading
towards us
walking
right

8

4.

walking
right
stopped at
kerb

SCORE: -8
5.

person
SCORE: 4

walking
towards us

186

APPENDIX F
DRIVER PERFORMANCE CODING
TEST

DRIVIJ.6 A S S E S S h t n T S C O R E

SHEET

I

O H Sps

None

M

tjourke

faV

S»feO P

1

V
#

-T

Date

Exaainer

Rood Conditions:
Run:

BraC]
1 LZ| 2 D

Traffic Density H

s

Ir

Ss&O

Smith 1 } ^

Test Duration

A>H

^1f)

Psff 8 -

zi «n

HetD

LD

M

Smith

S

o
G

-

S K _ _ X 2 ci

- bcu_

L

*• Wo C_Q-XA_aC_A^,

B

~- OCa- C-\6_<_VV_0

LL
M

i T 7

V8

~ f\ K*—*-0 CL_^JL_

r
o
y

LEGEND
— High density
-- Low density
medium density
o 4 way uwtrolled blind intersection
• Stop sign
T 3 Point tin
Skui<l<JvJ,\

" ("cAijCata«aA-AjP (^U.^ OU^^-Cl^

D\d W-i-__r oV_5_-^v«.

TEST FORM
Driver Performance Coding Test
Example 1 - Path, residential (low density) right turn.
Example 2 - Speed,. residential (low density) right turn.
Test Items: 1. Pre-operation
2. Speed at left turn (high density)
3. Path at a left turn (high density)
4. Gap in cross traffic
5. Observing for a right lane change
6. Observing at a right turn (high density)
7. Speed at a lane change
8. Path at a lane change
9. Speed (normal transit)
10. Backing at a 3-point turnabout
11. Location at a 3-point turnabout
12. Limit line at a right turn
13.. Path at a right turn
14. Speed at a right turn (low density traffic)
15. Mirror at an intersection

16. Observing when proceeding through a controlled intersectio
17. Following distance
18. Mirror check before turning left
19. Observing at a left turn
20. Speed at a left turn
21. Path at a left turn (low density)
22. Approach before a right turn (medium density)
23. Speed at a left turn (low density)

B-ll

Path at left turn (low density;
Observing at a tee intersection (proceeding through)
Observing for left turn (low density)
Observing for a right turn (low density)
Speed for proceeding through a blind intersection
Observing for proceeding through a blind intersection
Shut down at end of test

B-12

KEY
Driver Performance Coding Test
Scoring Instructions: Each item is worth one point. Score correct only
if answer has the same meaning as the answer given here.
1. Pre-operation - 7 points
Correct Responses:
a,

1.

Locks own door.

2. Checks all other doors.
3. Adjusts seat.
4. Fastens seat belt.
5. Checks'"to insure that all passengers are also buckled up.
6. Adjusts both mirrors correctly.
7. If driver must make head adjustments during driving for incorrect
mirror adjustments, then go back and mark pre-operation wrong.
2. Speed at a left turn (high density) - 4 points
Correct Responses:
1.

Decelerates smoothly, coming to a stop or near, stop if there is

traffic.
2. Accelerates smoothly, at the one-third mark in the turn,
steadily increasing to traffic speed.
3. Adjusts speed.so that vehicle does not interfere with traffic.
4. Accelerates promptly; if driver hesitates or starts and stops
without cause, speed is coded wrong.
3. Path at a left turn (high density). - 7 points
Correct Responses:
1. Enters intersection in the center of the left-most lane of a
4 (or more) lane street.

B-13

2.

Remains in the center until turning begins.

3. Begins turning when one-third to one-half of the way into the intersecti
4. Passes just to left of center of the intersection.
5. Completes turn in center of the left7most lane of intersection street.
6. If light is red, stops well behind nearest crosswalk line.
7. If stopped for oncoming traffic, wheels remain straight.
Gap in cross traffic - 3 points
Correct Responses:
1. Accepts a 10-second gap; does not accepta gap smaller than 9 seconds.
2. Driver moves promptly if no traffic. If not, gap scored wrong.
3. If no traffic and driver moves promptly,underline G.
Observing for a right lane change - 4;points
Correct Responses:

l .. .J-'-.jtVa-' .

_

1.

Checks traffic ahead in present and intericded lanes.

2. Checks rear view mirror.
3. Checks blind spot by turning the head briefly (approximately 1 second:
If the coder counts 1002, it is too long) in the direction of the
lane change.

Must not look through rear window.

4. Before steering into the new lane, againchecks forward traffic.
Observing at a right turn (high density)"- points
4
Correct Responses:
1. Turns head to the right and looks for pedestrians or vehicles' that
could block intended path.
2. Turns head to the left and looks for approaching cross traffic.
3. Turn's head to the right again and looks at turn path just prior to
the execution of the turn. Order of checks is important.- '
4. Completes these checks quickly and does not look for more than

B-14

2 seconds-at any spot (unless there is traffic and the student's
vehicle is stopped).
7. Speed at a lane change - 3 points
Correct Responses:
1. If flow of .traffic of new lane is faster, increases speed when
. entering new lane.
2. If flow of traffic of new lane is slower, decreases speed when
entering new lane.
3. If flow of traffic of new lane is of equal speed, maintains speed
when entering new lane.
B. Path at a lane change - 5 points
Correct Responses:
1. Maintains straight path while scanning.
2. Signals before the lane change.
• - -"3." Steers smoothly with gradual angular movement into middle of new
4. Straightens vehicle in new lane.
•_

5.

Cancels signal.

T. Speed I normalTfans'Xf)™~4~p"0'ihts
Correct Responses
1. Does not exceed the legal speed limit at any time between the beginning of the (S) coding and the start of coding the next maneuver.
2. Does not exceed the speed of the traffic flow by more, than 4 mph.
3. Does not fall below the speed limit by more than 4. mph-unless
traffic or potential hazards require it.
4. Does not fall behind traffic that is proceeding at the "speed limit.
10. Backing at a 3-point turnabout - 2 points Correct Responses:
1. Looks left and right before backing.

B-15

Turns head around and looks straight back over right shoulder whenever
moving the car in reverse.
11. Location at a 3-point turnabout - 2 points
Correct Responses:
1. Chooses a point at least 200 feet from any intersection.
2. Does not start a Y turnabput when pedestrians or vehicles are nearby.
12. Limit line at a right turn - 1 point
Correct Response:
1. Stops behind limit line.
13. Path at a right turn - 3 points
Correct Responses:
1. Begins turning when the vehicle is two to three feet from the curb.
2. Begins turning when front wheels are lir^

ed up with the beginning of

• the bend tin the curb.
3. Completes turn - the driver must enter t_he middle of the right-most
lane of traffic in a smooth turn.
- 3 points
14. Speed at a right turn (low density traffic)
Correct Responses:
1. Decelerates smoothly to 8-10 mph (or less

s)

2. Accelerates smoothly two-thirds through

the turn.

3.

Accelerates promptly.

15. Mirror at an intersection - 1 point
Correct Response:
1. Checks rear view mirror when approaching
i

before a speed reduction.

;

a traffic light or

•

;.

16. Observing when proceeding through a controlled intersection - 2 points
Correct Responses:
1. The driver will look left and right before entering the intersection.

B-16

2.

Driver will not look in any one direction for more than 2 seconds

at his last check.
17. Following distance - 1 point
Correct Response:
1. The driver must maintain at least a two-second interval from traffic
ahead at all times.
•a

18. Mirror check before turning left - 1 point
Correct Response: • .
1. The driver will check his rear view mirror before any speed reduction
or lateral movement.
to

19. Observing at a left turn - 5 points
Correct Responses:
1. Observes left and right.
2. Checks for a gap (looks forward).
3. Checks right again.
4. Rechecks turn-path as he turns.
5. Must not look at any spot longer than 2 seconds, unless he must
stop. If so, rechecks. ; _ _' •
20. Speed at a left turn - 4 points
Correct Responses:
1. Decelerates smoothly, coming to a stop or near stop if there is
traffic.

2. Accelerates smoothly, between one-third a!nd one-half'of'"the" way ".th
the turn, steadily increasing to traffic speed.
3. Adjusts speed so that the vehicle does not interfere with oncoming
traffic.
4. Accelerates promptly; if driver hesitates or starts and stops without
cause, speed is coded X.
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21. Path at a left turn (low density) - 6 points
Correct Responses:
1J Enters intersection in the center of the lane.

2. Begins turning when one-third to one-half of the way into the intersec
r

3. If the car must stop for oncoming traffic in the intersection,
the wheels must remain straight until the turn is started.
4. Passes just to left of center of the intersection.
5. Completes turn in center of lane of the intersecting street.
6.

If light is red, stops well behind neares t crosswalk line.

- 7 points
22. Approach before a right turn (medium density)
Correct Responses:
.If the car must move laterally one car width to enter the approach lane:
1. Signals before moving into approach, lane.
2. Checks rear vision mirror and blind spot oefore moving over.
3. If there is a bike lane, driver may stay

DUtside it or move to within

3 feet of curb no more than one car lengti from corner.
4. Enters the approach lane before vehicle is 4 car lengths from the
intersection but not before 10 car lengths.
If there is no approach lane, or after approach:
5. Moves to the right to within 3 feet of thk curb, to permit following
traffic to continue without slowing for the driver's vehicle.
6. Stops well behind nearest crosswalk line

if the light is red.

7. Signals 100 feet from intersection uniess

driveway intervenes

(then waits until beyond driveway).
23. Speed at left turn (low density) - 3 points
Correct Responses:
1. Before the turn, brakes to 10-12 mph.
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2.

Two-thirds through the turn, accelerates smoothly out of the turn.

3. Accelerates promptly.
24. Path at left turn (low density) - 4 points
Correct Responses:
1. Enters intersection in the center of the lane.
2. Begins turning when one-third of the. way into the intersection.
3. Passes just to the left of center of the intersection.
4. Completes turn in center of the intersecting street.
25. Observing at a tee intersection (proceeding through) - 2 points
_

Correct Responses:
1. Looks briefly in the direction of the adjoining street before
entering the intersection.
2. Completes this check quickly (less than 2 seconds.)
26„ Observing for left turn (low density) - 4 points
Correct Responses:
Before entering the intersection,
1. Looks left first.
2. Looks right next.
3. Looks left.again.
4. Does not look at any spot longer than 2 seconds.
27. Observing for a right turn (low density) - 4 points
Correct Responses:
1. Turns head to the right.
2. Turns head to the left.
3. Turns head to the right again and looks at turn-path just prior
to the execution of the turn.
4. Completes these checks quickly and does not look for more than
2 seconds at any spot (unless there is traffic and the student's
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vehicle is stopped) .
28. Speed for proceeding through a blind intersection - 3 points .
Correct Responses:
1. Brakes gently (10 to 15 mph) one car length before the corner.
2. Does not stop or go slowly in intersection.
3. Accelerates through intersection.

,'" 29. Observing for proceeding through a blind intersection - 3 points
Correct Responses:
1. Checks left before entering.
2. Checks right before entering.
3. Completes these checks quickly and does not look for more than
2 seconds at any spot.
30. Shut down at end of test - 3 points
Correct Responses:
1. Puts gear selector in Park.
2. Turns ignition off.
3. Sets parking brake.
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'••This manual is intended to standardize the scoring of the Drive'r

Performance Test so that the test will reliably reflect usual driving perfo

mance. One of the principal difficulties in scoring road tests is the varia

tion in standards of performance among coders. Here we have tried to simpli
the coding situation so that the coder is attending to only one event at a

time, is forewarned .of what he is to attend to and when he is to attend to

The correct response is precisely defined and any deviation from it is mark
wrong. The idea is to avoid,value judgments and concentrate on observing
what is happening.
Another difficulty often arises when the coder is also responsible for
the safety of the vehicle, because divided attention is not efficient. For
this test, an examiner sits in front and is responsible for the safety of

the vehicle and for route guidance to the student. The coder sits in the ce
ter rear seat and attends only to his scoring job. There are no more than

two students in the vehicle during the test. If there is a "second student,
is kept busy writing a list of potential hazards he sees to keep his attention
off the test.* Both an examiner and a coder are necessary to avoid divided

attention in the examiner, which is not only dangerous, but also means that
the details of many maneuvers will not be attended to. Furthermore, some
critical aspects of driver's performance cannot be properly observed from

the front seat. This is particularly true of the driver's observing pattern
Eye-movements can easily be observed from the center rear seat by looking

directly into the rear vision mirror, if it is properly adjusted. The exten
of head movements is also readily apparent. It will be obvious when the

driver is searching visually; if his eyes do not seem to be moving, he is n

*These data were part of a study of hazards and are important for the development of new criteria of driving proficiency. Any data collected can be sent
to Dr. Margaret Hubbard Jones, Institute of Safety and Systems Management,
University of Southern California, Los Angeles, CA 90007.
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scanning properly.

Both small movements for scanning ahead and the large

movements necessary at intersections are readily distinguishable. It is
also clear when the student looks for pedestrians at the near corners. Checks
of the rear vision mirrors (inside and outside) and blind spot checks are
likewise easy to detect. After practice coding with several novices, coding
of an expert's (instructor's) observing behavior will be very enlightening.
There should be no feedback to the driver regarding his performance until
i

after the test is over (or after both tests are oVer, if there are two drivers

to be tested in the car at one time, as when inbound and outbound routes are us

Even then, the examiner should give no specific information which would indicat

what aspects of driving are being scored, becausethis will invalidate later tests.
The examiner should give the driver only very genjeral comments. The coder
should make no comments at all.
The scoring sheet is basically a map of the

route with symbols, representing

the particular events to be observed, marked at ie
t points on the route where
'they are to be coded (Figure 1) . The coder, thus
alerted to attend to one
particular aspect of driving, makes his observation and then marks that symbol
with a circle (if the behavior was correct) or an X (if it was not.)*

The events

to be observed are restricted to parts of a total
pattern, so that the coder's
attention can be focused. Only one aspect is obs
Brved at a time. Over the
course of the whole route, the several criticalspects
a
of a maneuver, such as
a left turn, will be coded a number of times, but
the coder never has to attend
to turning path, speed adjustments, gap acceptance, mirror checks, signaling
and proper eye movements all at once.

Rather he watches nothing but eye

movements on one turn, path and speed on another,
etc. A glance at the route

*If the behavior was not observed, the symbol is underlined;
should never guess.
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coders

map. (Figure 1) will show that the events to be coded are spread out? along the
route to give the coder time to get set, observe the event, compare it with
standard of correct performance which he has learned thoroughly, and record

his judgment of correct or not with a simple motion. Since he keeps track of

the car's position on the route with one.hand, he need not search for his pl
This also serves to alert him to the next observation.
a.

If the driver misses a turn, the examiner should direct him back to
the route in such a way that the original turn can be scored.
The coder must become very familiar with the route before he can score

road tests. This will require that he study the map and drive over the route
himself several times. He" should then begin practice coding, as described
later.
It is essential that a coder learn thoroughly the standard performance
for each maneuver as defined in this manual so that all coders all over the
country will be using identical criteria for right and wrong. Any deviation

from these standards will decrease the reliability of the test and therefore
make it less likely that the road test will relate to real-world driving
performance. Therefore, do not try to judge whether a maneuver was well or
badly done; merely compare the-behavior to the standard description of the

correct behavior and respond accordingly. . The correct responses are detai
below for each maneuver called for on..the route map.; . . .:
Table 1 shows the symbols used. . Figurej;l_ shows the score sheets for the

area the coder is to serve. . ... _ -.,^,-_i.- :.. •:>..-..-._ -••-. '•. -...MANEUVERS
Left.Turn The driver will follow a standard path. A standard path
Path (P) runs from the center of the left-most lane of the original .
street to the center of the left-most lane of the
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High, medium
or low traffic
density.

intersecting street.*

The turn must commence at a point

one-third to one-half of the way into the intersection.
The path passes just to the left of the center of the
intersection. If the light is red, the driver must stop
clearly behind the crosswalk line.

Correct
Response

1. Enters intersection in the center of the left-most lane
of a 4 (or more) lane street, or center of lane if
single lane in each direction, and remains in the center
until turning begins.
2. Begins turning when one-third to one-half of the way
into the intersection.
3-. ..If the car must stop for oncoming traffic in the
intersection, the wheels must remain straight until
the turn is started.

(After stop, if vision is blocked

by a left-turning truck, the driver may move forward

into the turn but if he enters the oncoming travel lan

and forces vehicles to compensate, examiner will score

Hazard or Instructor Control and coder should underlin

4,

Passes just to left of centjer of the intersection.

5.

Completes turn in center of the left-most lane of
intersecting street.* '(Ifthat lane is blocked or
otherwise inaccessible, for
example, a roadwork crew or
a disabled vehicle, and the
driver selects another
lane, the examiner will cod
s as Hazard or Instructor
Control (see Examiner's Manual) and coder should
underline P.)

*For experienced drivers, it is acceptable to end in any open lane if it is
safe to do so. this is not acceptable for novice drivers.
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6.

Stops well behind nearest crosswalk line if light

is red.
The driver will decelerate smoothly before the turn and
accelerate smoothly when clearing the intersection. Failure to accelerate promptly is a frequent error of novice
drivers.
1. Decelerates smoothly, coming to a stop or near stop
if there is traffic. At no time should the tires
squeal or the passengers be thrown.
Accelerates smoothly, soon after he passes the one-third
mark in the turn, steadily increasing to traffic speed.
Adjusts speed so that vehicle does not interfere
with oncoming traffic
Accelerates promptly;if driver hesitates or starts
and stops without cause, speed is coded X

The driver will control hi£ speed before the turn by
/t? —•••{.

>••• f'w

braking to 10-12 mph one car length from the corner.
He will accelerate smoothly two-thirds of the way
through the turn.

(Driver must approach between 20

and 25 mph) .

1.

Before the turn, brakes to 10-12 mph.

2.

through
theofturn,
Two-thirds
the way
out
of the turn.
accelerates
smoothly

3.

Accelerates promptly if driver hesitates or starts
speed is coded X.
and stops without ause,
c

The driver will scan the intersection for potential
conflicts with vehicles and pedestrians.
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High and Medium
Density Traffic
Correct
Resoonse

1.

Observes left and right, checks for a gap (looks

forward), checks right again and rechecks turn
path as he turns.
2. Must not look at any spot longer than 2 seconds (count
of 1001, 1002) unless he must stop.. If so, rechecks.

Left Turn

Scans the intersection for potential conflicts with

Ob serving
Traffic (0)

vehicles and pedestrians.

Low Density

Before entering the intersection, looks left, right,

Correct

and left, in that order. Turns his head far enough
to detect pedestrians on the near left and right
4

corners (about 75 ). (Note: forward scan in light
traffic will not be noticeable.)
2.

Does not look at any spot longer than 2 seconds (1001,
1002 count) unless there is traffic and the driver's
vehicle is stopped.

Right Turn

The driver will steer to the right side of the right-most

Approach (A)

lane when making a speed reduction for the right turn.

High or Medium
This lane is defined as the approach lane. The lateral
Density Traffic
position of the vehicle in the approach lane is 2 to 3
feet from the curb. If the car must move laterally at

least one car width to enter the approach lane, the driver
will signal before changing lanes.
(If the local ordinance requires that cars not invade the
bike lane, driver may move over to within 3 feet of the
D-6

curb only when he is one car length from the corner.)
When entering the approach lane, the driver must make
a timing judgment. By moving or signaling too early
he may mislead other drivers to believe that he intends
to turn at an- earlier location and by moving too late
he may risk a hazardous lane change.by executing a
hurried signal and blind spot check. Driver must stop
clearly behind crosswalk when the light is red.

Correct 1. If the car must move laterally one car width to
Response
enter approach lane:
A. Signals before moving over.
B. If there is a bike lane, driver may stay outside
it or move to within 3 feet of curb no_ more than
one car length from corner.
C. Enters the approach lane before vehicle is 4 car
lengths from the intersection but not before
10 car lengths.
2.

If there is no approach lane, or after approach:

A. Moves to the right to within 3 feet of the curb,
to permit following traffic to continue without'""
slowing for the driver's vehicle.
B. Stops well behind nearest crosswalk line if
light is red.
C. Signals 100 feet from intersection unless
driveway intervenes'(when he waits until beyond
driveway.)
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Right Turn

After the approach, the driver will follow a standard

Path (P)

path when turning right.

High and Medium
Density Traffic
Begins turning - the driver will begin turning the

Correct
Response

the steering wheel when his front wheels are lined
up with the beginning of the bend in the curb.
Completes turn - the driver must enter the middle
of the right-most lane of traffic in a smooth turn.
There should be no suddencorrection of course. (If
that lane is blocked and tjhe driver selects another
lane, the examiner will code as Hazard or Instructor
Control and coder should Underline P.)

Right Turn

The driver must select a path tihat will allow him to start

Path (P)

his turn two to three feet fronthe curb and finish his turn

Low Density
Traffic

in the middle of the right half of the street,

Correct
Response

1. Begins turning when vehicl e is two to three feet from the
curb and front wheels are

even with the beginning of

the bend of the curb.
2.

Turns steering wheel smoothly and follows a smooth

curve to the center of the right lane on the new street,
i • -

Right Turn
Speed Control
(S)

The driver will' decelerate;smocthly before the turn and

I ':-. ' ~:< V,:'accelerate smoothly; when ;'clearing the intersection.

High and Medium
Density traffic
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Correct
Response

1.

Decelerates smoothly before the turn to 8-10 mph,

or less if traffic warrants.
2. Accelerates smoothly two-thirds of the way through
the turn, increasing speed quickly enough so that
following traffic in new path would not have to slow
down or change lanes for driver's vehicle. (The
coder must turn around and observe traffic.)
3.
Adjusts
speed to flow of traffic.
4.
Accelerates
promptly; if driver hesitates or starts
and stops without cause, speed is coded X.
Right Turn

Driver must control his speed by braking "before the turn

Speed control
(S)

and resuming normal speed after completing his turn.

Low Density
traffic

Correct
1. Before one car length from the corner, brakes to a
Response
speed of 8 to 10 mph.
2. Accelerates smoothly as soon as driver is two-thirds
of the way through the turn.
3.' "' Accel era tes'promptry;' if driver-hesitates or~startsr~
and stops without cause, speed is coded X.

Right Turn Driver will scan the intersection for potential conflicts
Observing with vehicles and pedestrians prior to initiating turn.
High, Medium & Low
Density Traffic
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Correct
Response

1.

Turns head to the rignt. ana

IOOKS

for pedestrians

or vehicles that could block intended path. If a
pedestrian is on right near corner, head movement
must indicate check of the spot (75 head movement).
2. Turns head to the left and looks for approaching
cross traffic,
3. Turns head to the right again and looks at turn
path just prior to the execution of the turn.
Order of checks is important. (Note: forward scan
will usually not be notic-iable.)
4. Completes these checks quickly and does not look for
more than 2 seconds (count of 1001, 1002) at any spot
unless there is traffic aid the driver's vehicle is
s topped.

Lane Change

The driver must maintain a stra ight lane position during

Path (P)

scanning procedures (mirrorsand
blind spot). He must

High or Medium
Density Traffic

signal before he moves and can
;el after the move is cornpleted. The driver then steer smoothly with a gradual
angular movement into the middjL
e of the new lane without
swerving to either;side of thelane.

Correct .
Response

1.

Maintains straight path wliile scanning.

2. Signals before the lane change.
3. Steers smoothly with gradual angular movement,
4. Straightens vehicle in new lane.
5. Cancels signal.

Lane Change

Driver will decrease, increase or maintain speed according
to traffic conditions.
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High or Medium
Density Traffic

Correct
Response

1.

If flow of "traffic of new lane is faster, increases

speed when entering new lane.
2. If flow of traffic of new lane is slower, decreases
speed when entering new lane.
3. If flow of traffic of new lane is of equal speed,
maintains speed when entering new lane.
Lane Change

The driver will scan one or both mirrors, as appropriate,

Observing
Traffic (0)

and check blind spot before changing lanes. He will observe traffic ahead in both present and intended lanes for
possible slowing.

High or Medium
Density Traffic
La_ne change {^^ or ^\) is necessarily indicated on the
right
left
scoring sheet at specific locations but refers ,to the
entire segment of the route between two turns. If two lane
change arrows occur within a segment (between turns), both
of them should be coded whenever, they occur. Ignore
aloorted lane changes. (If they are dangerous, the examiner
will code hazard, and mark it wrong.) ...;•:•:
Correct
Response

I- Checks traffic ahead in" present and intended'"lanesT""'
2. Checks rear view mirror.
3_ Checks outside mirror for left hand change.
4_ Checks blind spot by turning the head briefly (approx-'
imately 1 second: if the coder counts 1002, it is too
long) in the direction of the lane change and then
before steering into the new lane, again checks forward
traffic. Driver must not look through back window
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when checking blind spot'. If he does,
check is wrong (X).

Proceeding
Through
Intersection

The driver will scan the'intersection before entering.

Observing
Traffic (0)

1.

The driver will look left and right before entering

a four-way controlled in ;ersection.
Correct
Response

2. At a four-way uncontrolled blind intersection, the

LailflK..' /.:•

•

driver will look lef if:.ana' right before entering the
intersection.' If blind .it that point for less than
200 yards, checks left aijain.
3. At a blind tee intersection, the driver will look
briefly in the direction of the adjoining street.
4. For all checks at intersections, the driver will not
look in any direction fo:r more than 2 seconds (count
of 1001, 1002) at any spot unless there is traffic and
the driver's vehicle is stopped.
I

Proceeding
Through
Intersection

-...a

•'•

'

The driver will reduce speed before entering a four-way
blind uncontrolled intersection.

Speed (S)
Low Traffic
Density

Brakes gently, to 10 to

5 mph, one car length before the

corner and continues'toclover brake pedal until the
traffic checks have been
completed.

Correct
Response

Normal Transit
Between Intersections

2,

Does not stop or go slowy once into the intersection.

3,

Accelerates through .the intersection.

The driver will select the appropriate speed for conditions,
being guided by speed limit signs, laws, and traffic condition
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Control (S)
High-medium or
Traffic
Density
Does not exceed the legal speed ..limit at any time be-

se
tween the beginning of the (S) coding and the start of
coding'the next maneuver.
Does not exceed the speed of the traffic flow by more
than 4 jnph." o ' O ''< '-"•• / k,

3.

C-SiDoes not fall below the speed limit by more than 4.,-mpl.

un less traffic or potential hazards require it,
Following
Distance
(F)

TSie driver must maintain at least a 2-second interval from
traffic ahead at all times.

High.Traffic
Density

Correct
Response

Dnless there is a significant amount of traffic, there is no
opportunity to observe this.

If the situation is favorable,

there is ample opportunity to observe following distance in
normal transit on high density streets. Following distance
can also be coded if the driver comes up on slow traffic or
traffic stopped at an intersection. Interrupt assessment of
following distance to observe mirror check before driver slows
clown, but then return to following distance as he comes up
on traffic. The driver must anticipate slowing of traffic .
.ahead. He must brake gradually enough that he does not
throw passengers forward. He must maintain a 2-second distance at all times. Following distance (F) is necessarily
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indicated on the scoring sheet at specific locations but
refers to the entire segment of the route between two turns,
If two F's occur, attempt to code it twice in that segment.
Do not code following distances of more than four seconds. '
If it cannot be coded, underline the F's.

Stop sign for the driver's vehicle, but none for cross
traffic.
The driver must stop behind the limit line (and then con-

tinue when traffic permits) . .it there is no physical limit l
the stop should be made behind i line connecting the two near
corners of the street the vehicle is on. The vehicle must not
enter the intersecting street.

1.

Stops behind limit line.

The driver will check rear view
mirror before any speed rewhen approaching a traffic
duction or lateral movement and
light. The coder must attend t_> the mirror check as soon
as the previous coding has been
completed, since driver may
check early and, if there is no
traffic, may not need to
repeat.
Gap acceptance is coded on some
turns where path
and speed on the turn are alsocalled for. The novice
should decline the smallestgaps that an experienced
driver might accept but should pot wait when there
is ample time.
1. Accepts a 10-second gap; dbes not accept a gap smaller
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than 9 seconds.* The coder should check his judgment
by counting seconds (1001, 1002, etc.). If driver
accepts too small a gap, code it as X. (Examiner
may also code Hazard, X, or Instructor Control, I.)

Gap is also wrong if there is no traffic and driver
does not move promptly.
3.

If there is no traffic and the driver moves promptly,
underline G (i.e., a judgment cannot be made).

Pre-operation
(Pre-op)

The driver will perform these pre-operation checks
before starting the engine:

Correct
Response

1. Adjusts seat.
Fastens seat belt and shoulder harness.
Checks and insures that all passengers are also
buckled up.
4. Adjusts both mirrors correctly. If driver must
make-head"adjustments during driving for incorrect -'
mirror adjustments, or adjusts mirrors later, then go
back and-mark. Pre-op wrong.

Shut Down
(S.D.)

The driver will perform these shut-down checks:

Correct
Response

1.. Puts gear selector lever in Park (or gear shift
in neutral).
2. Turns ignition off.

•Experience drivers may accept smaller gaps, but must not throw passengers
off balance nor clear on-coming car by less than 4 seconds.
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3.

Sets parking brake.

Y Turnabout

Driver will chose a safe location for the Y turnabout

Low Density
Traffic
(residential)

(three-point turnabout) .

Location (L)
Correct
Response

1.

Chooses a point at least 200 feet from any intersection,

2. Does not start a Y turnabout when pedestrians or
vehicles are nearby.
3. If there is no safe place to turn and the driver
traverses the whole block without attempting to
turn, underline Locatior (L) and Backing (B) . (The
instructor will tell the: driver how to get back on the
route.)
Backing (B)

Driver will look left, right,and back before moving
the car in reverse.

Correct
Response

1.

Looks left and right before backing.

2.

Turns head around and look
s straight back over right
shoulder when moving th«
car in reverse. Failure to
be looking straight. bac>
at all times that the car
i

• '•'...•''-f

is moving backwards is

isqualifying, except for

brief checks^ left, right
, and forward.
Practice Coding
Considerable practice is necessary before

the test can be coded reliably.

Training sessions will be conducted by the proj
ect supervisor and will continue until satisfactory reliability is achieved
Reliability will be
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APPENDIX G
ON-ROAD DRIVING CHECKLIST

ON-ROAD DRIVING CHECKLIST
ROUTE NO.
CLIENT NAME: WEATHER & TRAFFIC CONDITIONS:
DATE:
VEHICLE & ADPATIONS:
TUVEE: start:
stop:
INTnTAL OBSERVATIONS:
Start-up:
Transfer
Orientation to the drive:

INSTRUCTIONS

COMMENTS

Ob

t

DRC/930817PY

In

BA

Lp

Gs

Ap

INSTRUCTIONS

Ob

COMMENTS
-

-

•

-

.

*

DRC/930817PY

In

BA

Lp

Gs

Ap
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O b = Observation
In = Indicator
BA = Brake and Acceleration
Lp = Lane position
Gs = Gap selection
Ap = Approach

APPENDIX H
INFORMATION ON RESEARCH

I N F O R M A T I O N F O R PARTICIPANTS
Researcher: Judith Leung, Psychology Research student

You are invited to take part in a research carried out by the psychology department of the
University of Wollongong that looks at factors that are involved in driving safely A s you are
aware driving behaviour consists of your ability to properly see, hear, think and respond
quickly. Your ability to physically drive a car, pay attention to your surroundings, keep track
of what is happening around you, and know the road rules are also important.
The normal driving assessment at Port Kembla Hospital consists of interviews carried out
psychologists and occupational therapists, followed by an actual physical on-road driving test.
For the psychology section, you will be given a series of tests to see h o w well you think and
respond, pay attention to your surroundings, and keep track of what is happening around you.

The purpose of this research is to find out whether the psychological tests (that you do)
tell us h o w well you will do in your driving test. W e also want tofindout more about anxiety
and its effect on this procedure.
If you are interested in taking part in this research, you will have to do NO MORE than:
• Give permission to release your data collected by the normal process of assessment to be
included in this research
• Fill in a short test to measure your anxiety level: when you are taking the psychological
tests
: just before you go onto the on-road
driving test
: just after youfinishyour driving
test

No information that can identify you personally will be used or released in any written or
verbal form. Only test scores and results will be used. The data collected by this research may
be written up for publication in scientific journals and for a report submitted to the University,
but your individual data will not be identifiable in these reports.

Remember, you can withdraw your permission for your data to be included in the research at
any time without affecting services provided to you by Port Kembla Hospital. Releasing or
withdrawing your data for research W I L L N O T in any way affect the outcome of the
assessment of your driving ability.

If you have any concerns at any time about your participation in this research, you can c
the following people:
Judy Leung, Psychologist, on (02) 4421 0941
Associate Professor Frank Deane, Department of Psychology, University of Wollongong,
on (02) 42214523
Dr. Vida Bliokas, Senior Clinical Psychologist, Port Kembla Hospital on (02) 4223 8237
Karen M c R a e , Secretary of the University of Wollongong H u m a n Research Ethics
Committee on (02) 4221 4457
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APPENDIX I
CONSENT TO RELEASE
INFORMATION FORM

CONSENT T O RELEASE INFORMATION
University of WoHonqonff
Research Project: Psychological Predictors of Fitness to Drive
Researchers: Judy Leung, Psychology Research student
Supervisors: Dr. Vida Bliokas, Associate Professor Frank Deane

This research is chiefly conducted by Judy Leung as part of her Doctor of Psychology d
The reasons for this research and the way it is carried out are explained in the "Information
for Participants" sheet. It is important to stress that you arefreeto withdraw your permission
to have your data included in this research at any time without affecting your driving
assessment or services provided to your at Port Kembla Hospital. N o data that can identify
you personally will be used in verbal or written form for this research. All data for this
research will be stored under
within the hospital system and will only be accessible
by the researchers and supervisors.

The data collected may be written up for scientific publication and for a report subm
the University. Once again, no information that can identify you personally will be used.

If you want to be informed of the results of this research, or express concerns about
contact one of the following people:
Judy Leung, Psychologist, on (02) 4421 0941
Associate Professor Frank Deane, Department of Psychology, University of Wollongong,
on (02) 42214523
Dr. Vida Bliokas, Senior Clinical Psychologist, Port Kembla Hospital on (02) 4223 8237
Karen M c R a e , Secretary of the University of Wollongong H u m a n Research Ethics
Committee on (02) 4221 4457

I have read the "Information for Participants" form and I understand m yrightsthat govern this
research. I hereby will participate in this research and will give permission to release data
collected from m e as part of the driving assessment to be used for this research.

Name:
Signature:
Date:

